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THE EFFECTS OF SYNTHETIC ANGIOTENSIN AND 
NORADRENALINE ON BLOOD PRESSURE AND RENAL 
FUNCTION 


BY 


E. G. MCQUEEN and R. B. I. MORRISON* 
From the Department of Medicine, University of Otago, Dunedin, New Zealand 
Received February 26, 1960 


The synthesis of angiotensin (Schwarz et al., 1957, Rittel et a/., 1957) has enabled sufficient 
amounts of this extremely powerful vasopressor substance to be made available for clinical study.f 
Its potential value in clinical conditions makes it imperative to have an adequate knowledge of its 
hemodynamic effects as a preliminary to its use. Angiotensin is likely to have its most effective 
role in management of states accompanied by severe hypotension. In the treatment of such condi- 
tions noradrenaline is at present the most effective agent, and in this study a comparison has been 
made in subjects with normal pressures of some renal and hemodynamic effects of the two substances. 


METHOD 


A comparison was made of the effects of noradrenaline and angiotensin on renal function in 8 
male volunteers. None of these had a past history of renal disease. Breakfast was withheld and 
an adequate rate of urine flow maintained with oral fluids. Care was taken not to induce nausea. 

After an initial loading dose of 30 ml. of 10°% inulin and 6 ml. of 50° diodrast, a constant 
blood level of these substances was maintained by an intravenous infusion of 240 ml. normal saline 
containing 70 ml. inulin and 14 ml. diodrast, at 60 drops a minute. The control value was taken as 
the average of the first two clearance periods. 

Using a mechanical constant-flow syringe a solution of either noradrenaline or angiotensin was 
infused via a needle in the rubber tubing of a standard drip set. The concentrations used were 
noradrenaline, 160-320 yg./ml., and angiotensin, 40-60 yg./ml. The rate of flow from the syringe 
was adjusted to give similar hypertensive responses with both drugs. The order of giving the drugs 
was reversed in consecutive subjects. 

Two further clearance periods were obtained during the administration of each drug, sufficient 
time being allowed for equilibration between each set of clearances. Serial plasma samples were 
collected from a vein in the opposite arm. 

Inulin was estimated by the Roe et a/. (1949) colorimetric method, while Alpert’s (1941) titration 
method was used to estimate diodrast. The urinary sodium was measured by flame photometry. 
Proteinuria was examined for with sulphosalicylic acid. 

The values for gomerular filtration rate, renal plasma flow, and sodium excretion have been 
expressed as units/1-73 m.? surface area (determined from Dubois’ nomogram). Blood pressure 
values were obtained by averaging the levels during the period of drug action. The rate of infusion 
of the drugs was calculated from the amount delivered by the mechanical syringe. 

In the second part of the study the effects of noradrenaline and angiotensin on peripheral veins 
were observed in 10 male volunteers. 

* In receipt of a grant from the Medical Research Council (N.Z.). 


+ The angiotensin! (hypertensin!! vals octapeptide) used in this study was most generously donated by Messrs. 
Ciba Ltd., Basle. 
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Normal saline was infused via a standard ‘‘ venopak”’ drip set and a 21 gauge needle into a vei 
on the back of the hand. The drip rate was fixed initially at 60 drops a minute. Noradrenaline o- 
angiotensin was introduced into the infusion at a constant rate by the mechanical syringe. Th: 
concentrations used were: noradrenaline 240 »g./ml., angiotensin 60 g./ml. Again the order c” 
giving the drugs was reversed in consecutive subjects. Their effects on blood pressure and drip rat : 
were Observed at minute intervals. In the case of angiotensin, administration was continued unt 
it was clear that no further reduction in drip rate was likely to occur. With noradrenaline, adminis- 
tration was continued either until a steady state had been reached or until it was impracticable to 
continue by reason of extreme venospasm. The drugs were then stopped and the drip rate allowe« 
to recover. The recovery rate was taken as that at which no further recovery of drip rate too 
place without adjustment of the drip. The initial, highest, and recovery levels of the blood pressure 
and the initial, lowest, and recovery levels of the drip rate were recorded. 














RESULTS 


Effects on Renal Function and Blood Pressure 
In 8 healthy men an equivalent hypertensive response was obtained using a continuous infusion 
of either noradrenaline or angiotensin (Tables I and II). From the mean infusion rates, angiotensin 








TABLE | 


A COMPARISON OF THE EFFECTS OF NORADRENALINE AND SYNTHETIC ANGIOTENSIN I] ON RENAL FUNCTION AND 
BLOOD PRESSURE IN 8 HEALTHY MEN (MEAN+STANDARD DEVIATION) 












Rate of BP Pulse G.F.R. R.P.F. Filtration | Na excretion 
























infusion (mm.Hg.) rate/min. (ml. (ml. fraction (ueq. 
(u.g/min.) min./1-73m.2))min./1-73 m.2) min./1-73 m.2) 
_ 119-6413-7 Oe  , 
Control - ——— | 68:544-4 /|117-6+19-1 7114263 |0-1894+0-068) 288+124 ; 
78-347°8 3 
— | 440-1 13-6 | 4 
Noradrenaline 9-743-2 ——§ | 68:0+6°6 | 112-6425-1 5754164 (|0-2074+0-059 1714129 4 
93-948°6 | 
—_ _ 140-8+12:3 | . , 3 
Angiotensin .. | 1:72+0-41 | —————— | 61-:5+6:1 82-6+422:1 5034169 (|0:198+0-:078 49423 
97:6+8°4 
G.F.R.=Glomerular filtration rate. R.P.F. = Renal plasma flow. 2 
TABLE II 













STATISTICAL RELATIONSHIPS OF THE RESULTS IN TABLE I 

















Blood Pulse G.F.R. R.P.F. Filtration Sodium 
pressure fraction excretion 
Control 
v. P<0-001 N.S. N.S. 0:05>P>0-02 N.S. 0-:01>P>0-00! 
Noradrenaline | 
Control | 
v. P<0-001 0-:02>P>0-01 P<0-001 | 0-:05>P>0-02 N.S. | P<0-001 
Angiotensin 
Noradrenaline | 
v. N.S. 0-:02>P>0-01 | 0-05>P>0-01 | N.S. N.S. 0-:01>P>0-00 


Angiotensin 








NS = Not significant. 









(0- 
val 
she 


(to 


P> 


did 


vol 





dle to 
owe 
too 

ssure 


usion 
fensil! 


.ND 





retion 
q./ 
73 m.2) 


- 124 





um 
tion 





>0-00! 











ee 


Bi 


(aw 


4 
i 
3 
4 
| 
i 
i 
3 
-s 





ANGIOTENSIN AND NORADRENALINE 3 


72 wg./min., noradrenaline 9-7 »g./min., angiotensin was apparently 5-6 times as potent. Con- 
mation of this potency ratio was inferred from the hypertensive response to these two drugs 
hen their effects on peripheral veins were being examined. Using a constant concentration ratio 
noradrenaline to angiotensin of 4:1, the hypertensive response to noradrenline was less than 
at to angiotensin (Table III). 


TABLE III 


HE EFFECTS ON BLOOD PRESSURE OF INTRAVENOUS INTRODUCTION AT THE SAME RATE OF NORADRENALINE AND 
ANGIOTENSIN SOLUTIONS IN CONCENTRATION RATIO OF 4:1. 10 MALE SUBJECTS 





Blood pressure: mean and standard deviation 





Initial ‘Highest. 














‘Recovery 

Noradrenaline 125-:0+6°6 137-8+7°5 125-6+9°6 
240 yg./ml. | peundiinn:-bail pilin aaa 
78445 | 97-045-1 16-3464 

Angiotensin 126-449-7 142:649-9  125-248-3 
60 yg. /ml. pear ciel sancti cael 
19-145°5 105-6475 18-545-0 





A comparison of the effects of noradrenaline and angiotensin on the glomerular filtration rate, 
renal plasma flow, sodium excretion, and pulse rate, for an equivalent degree of hypertension, is 
shown in Table I. One renal plasma flow estimation was discarded. 

From a mean control value of 117-6 ml./min., noradrenaline produced a non-significant reduction 
in the glomerular filtration rate (to 112-6 ml./min.). With angiotensin, the reduction was greater, 
to 82-6 ml./min. (P<0-001). The difference in the values for the two drugs was significant at the 
level 0-05>P>0-02. 

Noradrenaline and angiotensin both produced significant reductions in the renal plasma flow 
(0-:05>P>0-02). Although the mean value for angiotensin was some 70 ml./min. lower, the 
values of R.P.F. while on the two drugs were not significantly different. The filtration fraction 
showed a non-significant rise with both drugs. 

From a mean value of 288 yeq./min. the reduction in sodium excretion caused by angiotensin 
(to 49 weq./min.) was much greater than that produced by noradrenaline (to 171 eq./min., 0-01> 
P>0-001). 

No proteinuria was detected during the administration of either drug. 

These findings indicate that angiotensin produced a greater reduction in renal function than 
did noradrenaline. This was indeed suggested during the course of the experiments when the urine 
volumes were noticeably lower during the collection periods while on angiotensin. 

The mean pulse rate did not alter with noradrenaline but fell with angiotensin. 


Effects on Peripheral Veins 


In a further 10 men, the effects of noradrenaline and angiotensin on peripheral veins were 
examined (Tables IV and V). In the concentrations used, angiotensin produced a significantly 
h gher blood pressure than did noradrenaline (systolic 0-02>P>0-01; diastolic P<0-001) (Table 
1 {). During this period the drip rate fell with angiotensin to a mean of 48 drops/min., while 
noradrenaline reduced it to a mean of 19 drops/min.—the difference being highly significant 
(’<0-001). This difference would have been greater still if the drip rate in all cases on noradrenaline 
tid been allowed to reach equilibrium. However, when a good response was observed it was not 
f It justified to carry on the infusion any longer. After stopping the drugs the blood pressure 
r turned to near control levels. A typical response is illustrated in Fig. 1. 
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TABLE IV ; Tl 
THe EFFECTS ON THE Drip RATE OF INTRAVENOUS INTRODUCTION OF NORADRENALINE AND OF ANGIOTENSIN IN was I 
CONCENTRATION RATIO OF 4:1. 10 MALE SUBJECTS N 




























































Drip rate. Mean + standard deviation Palloi 
jpeteraieaoeteciaionamae — bry spol apenas Aides Diol le a altho 
Initial Lowest Recovery scalp. 
Noradrenaline 61-441°5 19-249:1 53-249°8 T 
infusi 
Angiotensin 60-6+1-6 48-3+10°6 57:6+3°8 
TABLE V Tl 
STATISTICAL RELATIONSHIPS OF THE RESULTS IN TABLES III AND IV MVene 
l | seen 
Recovery 
Control Control Noradrenaline sores — \(Noradrenaline) sie 
} v. v. v. e x v. 
; si : : . ' Recovery | Recovery | : 
Noradrenaline | Angiotensin Angiotensin (Noradrenaline), (Angiotensin) | Recovery orms 
| | | | (Angiotensin) che ac 
Blood pressure | P<0-001 | P<0-001 (Systolic) NS. | NS. N.S. | presel 
0-:02>P>0-01| and F 
(Diastolic) t al 
P<0-001 | “ " 
— = —EEE eT —EE ! 
Drip rate P<0-001 0-:01>P>0-001 P<0-001 | 0:05>P>0-02 | 0:05>P>0-02 N.S. With 
| possil 
NS = Not significant. . 
possil 
140 -s 
partic 
3 130 + with 
en | decre: 
a may | 
y NO + the ir 
- 1 a per! 
a | a ae 
PK eo rT A. Nor- adrenaline : inferi 
€ 90+ / A---A A 
oO oy | 1 Angiotensin : sivene 
4 ! e e into 4 
pe I 
® 7OF ' In 
1 ! greate 
1 | + renal 
60 + ap © *-e ©-4 *-0 0-2 © as blood 
~~ 
50 + a’ ! po than 
| x ! a 1c] 
w 404 4 ! = Bow. 
e \ \ 1 pw | adren 
e 30} ' ‘a ' y, | to be 
- 1 \ . ae | Angic 
x 20 F ! \ i # ; ¢ 
ra) ' a. 17 ; of up 
Io + . ¥ . 
I ! s §6functi 
oO U 1 i i i ! i L i i i 1 i 1 i | some’ 
Oo 123 45 678 9 O 2 8 4 15 | socfren 
TIME (MINUTES) te 
Fic. 1.—A comparison of the effects of a constant infusion of noradrenaline (240 ug./ml.) and of angiotensin i ydiu 


(60 »g./ml.) in raising blood pressure and in producing peripheral venospasm in a normal subject. 
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The recovery drip rates failed to return to the control values following either drug, but there 
was no significant difference between them. 

Nearly all subjects felt uncomfortable and vaguely uneasy during the noradrenaline infusion. 
Pallor was often quite striking and associated with cold perspiring extremities. On the other hand, 
although some developed slight pallor, cool extremities, mild apprehension, and tightness of the 
scalp, others did not realize they were receiving angiotensin. 

The hypertensive effects of both drugs disappeared within a few minutes of stopping their 
infusion. 


DISCUSSION 


The substance now called angiotensin, a compromise name agreed on by Page and Braun- 
Menendez for the original “angiotonin” of Page and “hypertensin’’ of Braun-Menendez, has 
seen known for 20 years (Braun-Menendez et al., 1939; Page and Helmer, 1940) to be the vaso- 
oresser polypeptide formed by the action of renin on renin substrate (hypertensinogen) normally 
yresent in the plasma. Later it was shown (Skeggs et a/., 1954) that this substance exists in two 
orms, a decapeptide, now referred to as angiotensin I and an octapeptide (angiotensin II), the latter, 
-he active pressor substance, being produced from the former by a converting enzyme again normally 
oresent in the blood. The amino acid structure (of the decapeptide) was first elucidated by Elliot 
and Peart (1956) and synthesis of the octapeptide achieved by Schwarz et al. (1957) and by Rittel 
et al. (1957). 

Angiotensin II is an extremely active pressor substance having a direct vasoconstrictor effect. 
With the development of the pure synthetic substance an accurate assessment of its activity became 
possible and it has proved to be even more active than noradrenaline (Meier et al., 1958). The 
possibility of using it as a vasopressor substance clinically is therefore of considerable interest. 

In the management of severe hypotensive shock, noradrenaline has often proved life saving, 
particularly following coronary occlusion. There are however a number of disadvantages associated 
with its use. The concentration may have to be progressively increased because of apparently 
decreasing sensitivity, and, after a prolonged period of administration, ““dependence” on the drug 
may be established so that its withdrawal becomes a difficult and tedious process. Additionally, 
the induction of local vaso-constriction and risk of skin necrosis when noradrenaline is given into 
a peripheral vein necessitates its administration into a large vein, preferably even the superior or 
inferior vena cava. 

A vasopressor substance that could be used as an alternative to noradrenaline when unrespon- 
siveness to the latter had developed would be of great value, particularly if it could be given safely 
into a peripheral vein. 

In our experiments angiotensin given by continuous injection was found to have a considerably 
greater vasopressor activity than noradrenaline. In one series of observations, those dealing with 
renal function, the ratio of noradrenaline to angiotensin for an almost exactly equivalent rise in 
blood pressure was 56:1. In the other series, noradrenaline, given at a rate four times greater 
than that of angiotensin produced a significantly lesser pressor response. Bumpus ef al. (1958), 
using biological assay methods, found that synthetic angiotensin was 4-8 times as active as nor- 
adrenaline. Recently (Finnerty et a/., 1959), the hemodynamic effects of angiotensin were observed 
to be some 10 times greater than those produced by noradrenaline in a group of normal subjects. 
Angiotensin had therefore an extremely active vasopressor effect and this was maintained for periods 
of up to an hour. 

The rise in blood pressure was however accompanied by a very significant diminution in renal 
function. Reports of the effects of renin and of biological angiotensin on renal function were 
s»mewhat conflicting (Braun-Menendez, 1956). However, there is uniform evidence of depression 
c* renal function by synthetic angiotensin in human subjects (Bock ef al., 1958). 

In our own observations glomerular filtration rate, renal plasma flow, urine flow and particularly 
‘dium excretion were markedly diminished during the course of the infusion. Noradrenaline 
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has been shown to produce a considerable reduction in renal plasma flow with little alteration in 
the glomerular filtration rate (Barnett et a/., 1950). We have confirmed this, but in the same 
subjects, with the much lower dosage of angiotensin necessary to produce an hypertensive response 
equivalent to that of noradrenaline, we have found that angiotensin caused a much greater 
depression of renal function. However, Finnerty et al. (1959) report that a continuous 26-hour 
infusion of angiotensin in three young subjects did not produce any decrease in urine output. 

Proteinuria, often a feature of natural angiotensin or renin infusion, did not occur in our 
obsevations. 

It must be emphasized that these studies were performed on normal subjects with initially 
normal blood pressures. It is quite possible that the direct effects on renal function in patients 
suffering from severe hypotension may be outweighed by the improvement resulting from elevation 
of the blood pressure. However, the direct effects are clearly greater than those of noradrenaline, 
and, in a situation where renal function may already be critically interfered with, the greater impair- 
ment induced directly by angiotensin would seem to require some special reason for its employment, 
as for instance, unresponsiveness to noradrenaline. 

The equally clearly smaller effect of angiotensin than of noradrenaline on peripheral veins is an 
interesting reflection of the variation in responsiveness to different vasopressor agents of vascular 
muscle in different situations. It also offers for angiotensin one practical advantage over noradren- 
aline, in suggesting that it may, if necessary, be administered into a peripheral instead of a central 
vein. Care must be taken however to avoid extravasation of the solution outside the vein as 
prolonged local ischemia may result. 


SUMMARY 


The effects of synthetic angiotensin II on blood pressure and renal function have been investi- 
gated in a group of normal subjects and compared with those of noradrenaline. Angiotensin 
proved considerably more potent in raising blood pressure but was associated with a greater depres- 
sion of renal function. On the other hand venospasm was less marked with angiotensin than with 
noradrenaline. 

Synthetic angiotensin II deserves further study for its use in hypotension. The decrease in renal 
function found in subjects with a normal pressure will require evaluation. 


We wish to acknowledge the advice and criticism of Sir Horace Smirk in conducting this study. 


REFERENCES 


Alpert, L. K. (1941). Johns Hopk. Hosp. Bull., 68, 522. 
Barnett, A. J., Blackett, R. B., Depoorter, A. E., Sanderson, P. H., and Wilson, G. M. (1950). Clin. Sci., 9, 151. 
Bock, K. D., Dengler, H., Krecke, H. J., and Reickel, G. (1958). Klin. Wschr., 36, 808. 
Braun-Menendez, E., Fasciola, J. C., Leloir, F., and Munoy, J. M. (1939). Rev. Soc. argent. Biol., 15, 420. 
— (1956). Pharmacol. Rev., 8, 25. 
Bumpus, F. M., Schwarz, H., and Page, I. H. (1958). Circulation, 17, 664. 
Elliot, D. F., and Peart, W. S. (1956). Nature, 177, 527. 
Finnerty, F. A., Massare, G. D., Sigda, F. J., and Tuckman, V. (1959). Circulation, 20, 694. 
Meier, R., Tripod, J., and Studer, A. (1958). Arch. int. Pharmacodyn., 117, 185. 
Page, I. H., and Helmer, O. H. (1940). J. exp. Med., 71, 29. 
Rittel, W., Iselin, B., Kappeler, H., Riniker, B., and Schwyzer, R. (1957). Helv. Chim. Acta, 40, 614. 
Roe, J. H., Epstein, J. H., and Goldstein, N. P. (1949). J. biol. Chem., 178, 840. 
Schwarz, H., Bumpus, F. M., and Page, I. H. (1957). J. Amer. chem. Soc., 79, 5697. 
Skeggs, L. T., Marsh, W. H., Kahn, J. R., and Shumway, N. P. (1954). J. exp. Med., 99, 275. 











T 


ecos 
but ¢ 
lave 
d0SIS 
quij 
/uSCi 
still ¢ 
S 
-OmMy 
ivail. 
(Wya 
succe 
on o 
certa 
inves 
of de 
curre 
curre 


the T 
150, : 
simpl 
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The successful treatment of cardiac arrest or ventricular fibrillation is becoming increasingly 
ecognized as a technical possibility, not only under the ideal conditions of an operating theatre 
but also in such situations as the hospital ward and the out-patient department. Already there 
iave been reports of the complete resuscitation of patients apparently dead from coronary throm- 
v0sis (Beck et al., 1956; Walton, 1960), and it seems likely that before many years have passed 
‘quipment for cardiac massage and electrical defibrillation will be a standard provision on any re- 
suscitation trolley. However, the type of apparatus that should be used in such a situation is 
till a matter of dispute. 

Several types of electrical defibrillator, ranging from a simple fuse-box system (Lucas, 1959) to 
-omplex machines with indication of current and stimulus duration (Perry and Trotman, 1958), are 
ivailable commercially, but the safety of patient and surgeon is still a keen source of controversy 
(Wyatt, 1959; Kelly, 1959). Although simple defibrillating devices have sometimes been used with 
success in clinical practice, the circumstances have been such that it is difficult to be certain that 
on other occasions the patient has not been affected adversely by the defibrillator. Such un- 
certainties do not seem justified in an apparatus intended to preserve life, and accordingly a careful 
investigation has been made of the theoretical and practical dangers underlying the several systems 
of defibrillation. Evidence is presented that existing devices can supply an unnecessarily large 
current for a dangerously long time, and in the light of this experience a defibrillator with controlled 
current and stimulus duration has been designed and tested in experimental animals. 


METHODS 


Model I (Guy’s Hospital Type)*. This was developed by Sir Russel Brock and his associates in 
the Thoracic Surgical Unit, Guy’s Hospital. A voltage selector and transformer permits 50, 100, 
150, 200, or 250 volts to be applied to the electrodes. The stimulus duration is controlled by a 
simple manual push-button switch (Fig. 1A). 
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Fic. 1A.—Type I. Push-button controlled defibrillator (schematic diagram). 


* Model I is available commercially from Rich and Bundy, Ltd., Ponders End, Middlesex. Model II is available 
f »m Howlett and Sons, Windsor. Model III is available from Electronic Machine Co. Ltd. 
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Model II (University College Type)*. This was developed by Dr. Lucas, of the Anesthetic Depart- 
ment, University College Hospital, as a simple form of emergency equipment. The mains voltage 
is applied directly to the electrodes, and stimulus duration is limited by a Belling-Lee type O glass 
cartridge fuse of 1 ampere rating (Fig. 1B). 
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Fic. 1B.—Type II. Fuse controlled defibrillator (schematic diagram). 


Model III (Westminster Hospital Type)*. This was developed by the Physics Department, West- 
minster Hospital. The current passing to the electrodes is adjusted by a series rheostat, and the 
average r.m.s. current during the pulse is subsequently displayed. Stimulus duration may be 
controlled by either a hand switch or an RC circuit. 

Porton Defibrillator. In view of theoretical shortcomings in Models I, II, and III, which are here 
demonstrated experimentally, a defibrillator was designed in which provision was made for rapid 
selection of maximum current and stimulus duration (Fig. 1C and D). This apparatus has been 
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Fic. 1C.—Timing unit for Porton defibrillator (schematic diagram). 
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called the Porton defibrillator. The current is limited by selecting one of five banks of hig) 
wattage porcelain resistors (Birch), arranged in series with the electrodes. Appropriate resistanc > 


* See note p. 1. 
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SELECTOR SWITCH 
Fic. 1D.—Complete assembly of Porton controlled current electronically timed defibrillator (schematic diagram). 


values have been calculated on the assumption of a minimum cardiac resistance of 20 ohms. A 
small increase in cardiac resistance will further limit the applied current and there will be a compen- 
satory increase of applied voltage, but neither current nor voltage can reach a dangerous level. 
Stimulus duration is controlled to within 2 milliseconds by a simple flip-flop RC circuit, the operator 
yre-selecting a value in the range 0-0S5—0-20 sec. according to heart size. As an additional safe- 
zuard, the circuit is activated by a spring-loaded switch, and the operator releases this, disconnecting 
yoth electrodes, when a neon signal indicates completion of the shock. 

Animal Preparations. The various types of defibrillator were tested on tracheotomized rabbits 
under pentobarbitone sodium anesthesia (2 ml./kg. of solution 45 mg./ml. in 10°% alcohol). The 
heart rhythm was monitored throughout by electrocardiogram (lead I). Artificial respiration 
was arranged and the heart exposed by a longitudinal incision through the left chest wall, lateral to 
the internal mammary artery. The pericardium was incised, and ventricular fibrillation induced by 
applying 6-3 volts 50 cycle alternating current to areas of ventricular muscle. As many as ten 
fifteen-second applications of the stimulating electrodes were often necessary to cause fibrillation 
that persisted after removal of the stimulus. When fibrillation had been maintained for one minute 
without stimulation, it was considered ‘‘established’’, and the defibrillator used. The electrode 
size used was of a value appropriate for the rabbit heart. If necessary, massage was also applied, 
and when a normal rhythm was restored, the chest wall was roughly sutured. The operation was 
considered successful if an hour later the cardiogram was still normal and the animal was capable of 
spontaneous respiration. In a number of experiments, the resistance of the heart and electrodes 
was measured by an appropriate bridge circuit. In other experiments, an 0-01 ohm resistor was 
arranged in series with the electrodes, and the potential across this resistor was used to indicate the 
current passing through the heart during defibrillation. At the end of each experiment, the animal 
was killed by an overdose of sodium pentobarbitone, and the heart examined macroscopically and 
microscopically for burns and other signs of injury. In order to test the larger electrodes needed 
for human defibrillation, similar experiments were carried out on an anesthetized pig. 


RESULTS 


Safety. There is considerable danger to both subject and operator if the “‘live’’ pole of the 
electrode remains connected to the mains unknown to the operator. As has been pointed out 
(Wyatt, 1959; Kelly, 1959), this can occur with Model II if the neutral fuse blows prior to the live 
fuse. The suggested solution (Wyatt, 1959; Kelly, 1959) of momentary depression of the switch in 

ffect converts Model II to Model I, operating at 230 volts. The alternative “‘safeguard” of 
removing the neutral fuse is also hazardous, as it is quite possible for the live and neutral leads of a 
nains socket to be transposed. 

Model I and Model III can also be hazardous through failure of the push-switch to release or 

1ilure of the RC circuit.* The presence of a transformer limits the danger to some extent, but a 


* There have been several instances where the push-button switch has failed in the operating theatre (Lucas: 
ersonal communication). 
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dangerously large current may be passed before it is realized that the coils are overheating. The 
only satisfactory safeguard would seem to be the incorporation of a second timing system, operating 
if the normal timing mechanism fails to limit stimulus duration. In the Porton defibrillator, this 
second line of defence is provided by the spring-loaded switch and neon indicator. 

Strength of Applied Current. In models I and II, the strength of the current applied to the heart 
depends simply on the supply voltage (up to 250 v. a/c in Model I, and 230 v. a/c in Model II), and 
the electrical resistance across the electrodes. Resistance measurements by the a/c bridge have 
shown values of 10-12 ohms in the rabbit heart, and 17-22 ohms in the pig, varying slightly with 
different applications of the electrodes. Direct measurements of current strength during defibril- 
lation of the rabbit heart with type I apparatus (Fig. 2) have shown values as high as 8 amperes 
during a 100 volt shock. 

The probable current strength with use of the defibrillator in man can be calculated from the 
pig data. In the pig heart, with average cross-section of 35 cm.? and electrode separation of 4-5 cm., 
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Fic. 2.—Current passing through rabbit heart using Type I defibrilla- 
tion apparatus. (A) 50 volts stimulus; (B) 100 volts stimulus. 
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the calculated “specific resistance’ is 143-186 ohm/cm., corresponding closely with the specific 
resistance of the blood (Rajewsky and Schwan, 1944). Assuming a similar specific resistance in 
nan, and taking average cardiac dimensions (Johnston and Whillis, 1945), the resistance across the 
‘lectrodes will be 15-20 ohms. With an applied potential of 250 volts, the instantaneous current 
‘ould thus reach the alarming value of 16-17 amperes, with a power consumption of over four 
‘ilowatts. Although a transformer may have a much lower power rating, it can deliver currents 
)f this order for a brief period, as can a fuse with nominal one ampere rating. 

With commercial Model III, the current can be varied by means of a series rheostat, although 
he strength of current applied is not known until after the shock has been delivered. With the 
orton defibrillator, the maximum applied current is known, and is largely independent of the 
esistance across the electrodes. 

Stimulus Duration. In Model I and some forms of Model III, stimulus duration is controlled 
y a manually operated spring-loaded switch. A further, human, variable is thereby introduced. 
o test the possible range of variation a number of laboratory personnel were asked to deliver ten 
short shocks” with a Model I defibrillator. Results are summarized in Table I. Initial observa- 


TABLE I 
STIMULUS DURATION WITH PUSH-BUTTON SWITCH OPERATED BY 11 LABORATORY PERSONNEL 





Quiet laboratory Stress situation 









Operator eS - - ——__— 
Mean time + S.D. Range Mean time + S.D. Range 
| m.sec. m.sec. m.sec. m.sec. 
DS. . ‘és | 73-54+55:2 43-3-116-7 110-5+12°5 93-3-146-6 
K.B. . ” 121:24+34-0 60-0-183-2 110-5+32°5 53-3-163°3 
R.M. . - 107-:1427:9 53-3-170-0 99-9+4+28°9 31-7-135-0 
R.S. ‘x 125-:0+34-2 58-3-178-3 144-:04+28:°8 136:7-186-6 
R.T. —s 147-84+24-2 116-7-200-0 180-7+50-7 36-7-253 3 
D.P. es: 84:2+10-5 70:5-105-0 122:5+19-9 96-:7-175-0 
GS. - 158:74+59-2 53-3-236-4 138-:74+53-6 50-0-220-0 
B.A. “a i 121-8424-2 90-0-196-6 153-44+26:2 71-7-375:0 
J.S. a | 169:2+19°8 136-6-204-8 142:-44+25-0 108-3-203-6 
ST. 4 199-:04+74:2 61-7-304-6 220:7+105-3 75-0-535-0 
RE. 197-64+116°6 33-3-437-0 514:5+230-0 150-0-1028-0 
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Fic. 3.—Defibrillation with Type I apparatus (rabbit). (A) Established ventricular fibrillation; (B) Immediately 

following 50 volt defibrillating shock for 0-2 sec. (sinus rhythm with broadened QRS complex and elevated 
RS-T segment.); (C) Same animal as (A) and (B) breathing spontaneously 30 min. later (normal sinus 
rhythm.); (D) Immediately following 100-volt defibrillating shock for 0-2 sec. (atrio-ventricular block). 
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Fic. 3 (continued ).—Defibrillation with Type I apparatus (rabbit). (E)Same 
animal as (D) after 5 min. cardiac massage (bundle-branch block); 
(F) Immediately following 100-volt defibrillating shock for 0-5 sec. 
(virtual asystole); (G) Same animal as (F) after 5 min. cardiac 
massage (? Ventricular complexes and bundle-branch block). 


tions were made in a quiet laboratory, and even under these ideal circumstances, the stimulu: 












duration had a wide range, and with several operators was sometimes dangerously long. Unde: 
the *‘stress” of hurried mental arithmetic, the mean stimulus duration and variability were furthe: 
increased in most cases; it is probable that in the stress of a true emergency, the range of timing 
would be even wider. 

The stimulus duration with Model II depends partly on the characteristics of the fuse (Belling 
Lee type 0-1 ampere cartridge), but much more on the resistance across the electrodes. If the fus: 
is carefully inserted in its holder, the rate of fusing can be controlled quite closely at a given curren 
strength (the manufacturers claim to within 5°%). However, the rate of fusing is also a logarithmi 
function of the applied current, and this can vary quite widely according to the size of heart an 
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« ficiency of electrode application. Values obtained for some common fuses, using a high-speed 
thode-ray oscilloscope and direct current are shown in Table II. The Belling-Lee type 0-1 ampere 
se will withstand a current of 2 amperes at mains voltage for as long as 10 seconds. 


TABLE II 
TIME (SEC.) TO FUSING OF SELECTED Fuses. VOLTAGE 220 D.c. 














Fuse type and Current (amperes) 
rating — - —__—_—. . : 
] 1-4 1-7 22 2:8 a7 2 10 

( ass fuses 
i L. type O (standard) 

1 amp. oc oc >20 0:33-0:38 0:15-0:16 0-03 0 0 

4 amp 9 0-17 0-08 0 0 0 0 0 

4 amp. 0-05 0 0 0 0 0 0 0 
L vico type O (standard) 

1 amp. oc >20 os 0:30-2:0 0:14-0:18 | 0:07-0:08 0 0 
LL. type OO (miniature) } 

1 amp. oc oc >20 0-09 0-04 0-02 0 0 

4 amp. >20 0:03 | 0:02-0:04 —- -- 0-005 0 0 

4 amp. 0-05 0:03 0 0 0 0 0 0 
C-ramic (H.R.C.) fuses 
B.L. type O (standard) 

1 amp. oc oc oc >20 0:06 0-01 0 0 
E.E. type O (standard) 

1 amp. a oc oc >20 0-15 0:07 0-01 0-008 

4 amp. oC 1-7 0:09 0-02 0-01 0-008 0-006 0 

4+ amp. 0-02 0-009 0-007 0-005 0 0 0 
E.E. type OO (miniature) 

2 amp. oc oc oc oc oc >20 sec 0:3 0:006 

1 amp. oc oc oc 10-1 0-01 0-007 0-006 0 

4 amp. >20 0-02 0-009 0-006 0-005 0 0 0 

4 amp. 0-017 0 0 0 0 0 


Non-standard rating fuse 
1 amp. oc 
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Notes: (1) Belling-Lee (BL) standard glass (type O) is normally used in the University College defibrillator. The 
manufacturers specify that it will fuse within 10 sec. at twice the rated current. 
(2) English Electric (E.E.) claim that the time to fusing of their cartridge fuses is reproducible to within 5°%. 
(3) Providing that current loadings are expressed as root mean square values, the time to fusing will be very 
similar at 230 volts a.c. 


The timing of the stimulus is quite critical if thermal coagulation is to be avoided, and while it 
may be possible to train an operator to depress a switch for short periods, it would seem simpler and 
safer to make the primary system a resistance-capacitance timing circuit as in some forms of Model 
IIf and in the Porton defibrillator. Several pre-selected durations of stimulus are also preferable 
to a continuously variable time adjustment for emergency use. 

Electrode Design. Probably because it is readily available in the operating theatre, most writers 
have advocated dipping the electrodes in saline to improve their conductivity (Leeds, 1953) and in 
some cases the lint or gauze covering of the spoons has also been impregnated with salt (Lucas, 
1959) so that the solution introduced into the heart is hypertonic saline. On theoretical grounds, 
there is littlke advantage in adding to the pericardium fluid of greater electrical conductivity than 
the blood; this point is reached with approximately isotonic solutions. Further, there is little 
d fference in conductivity between saline and more physiological fluids such as mammalian Ringer. 


Practical Experience of Different Systems 


Model I. In the rabbit, defibrillation was uniformly successful with very short shocks (tapping 
rther than pressing the switch). At 50 volts, there was usually an immediate return to normal 
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rhythm and no signs of burning when the animals were finally killed. Occasionally two shock 
were needed to stop fibrillation. At 100 volts, a short shock gave rise to A-V block, but with som apy 
minutes of cardiac massage a normal rhythm could often be restored (Fig. 3). A longer shoc! Saati 
(about 0-5 sec.) at 100 volts gave complete asystole, and prolonged massage was needed to restore | El 
regular rhythm: this was poorly maintained, and the animal subsequently died. At post-morter , 


trong 


there were two longitudinal areas of hard, coagulated tissue in the myocardium, one extending up t ) eee 
the coronary vessels, which contained large bubbles of gas (Fig. 4). Histological examination cor- Ts 
firmed extensive coagulation and disorganization of the myocardium (Fig. 5). At 200 volts, th: hens 
instantaneous current must have exceed 15 amperes r.m.s., since the 5-ampere transformer fuse ble’ Fie 
with even the shortest shocks. sh 


Model II. Defibrillation always resulted, although typically an A-V block was produce’! 
immediately, and massage was needed to restore a normal rhythm. In some animals, block pei- 
sisted, and in these recovery with spontaneous respiration did not occur. At subsequent posi- 
mortem, some burning was usually found, ranging from slight epicardial damage to deeper coagu- 
lation of the myocardium. 

Controlled Current Devices (Model III and Porton Defibrillator). In none of the rabbits tested A 
was it necessary to use a current greater than 2 amperes root mean square (r.m.s.) to produce 3 
defibrillation. Sometimes a pulse as short as 1/30th second sufficed to restore a normal rhythm, 
and it was never necessary to apply the current for longer than 1/10th second. Under these con- 





coronary vessels, which are filled with bubbles. 


ditions, no burning of the heart was observed. The maximum current needed (2 amp.) agrees well ‘ 
with the finding (above) that 50 volts is adequate to defibrillate the rabbit. Somewhat longer and 
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Fic. 4.—Rabbit heart following defibrillation with 100-volt r lative 
shock for 0:5 sec. using Model I defibrillator. There i> man 
is a longitudinal burn (arrowed) of the interventricular | biwee 
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tronger pulses might be needed in man, but the upper limit set for the Porton apparatus (5 amperes 
.m.s. for 0-2 sec.) would seem a safe and adequate maximum. The commercial controlled current 
levice is stated to have a similar maximum current output. 

Electrode Design. Spoon shaped electrodes covered either with lint or with four layers of gauze 
vroved equally satisfactory. When the electrodes were dipped in normal or hypertonic saline 
vefore application, the cardiogram invariably showed abnormalities, usually with slurring of the 
5-T segment or T wave inversion; after 5-6 minutes arrhythmias sometimes appeared. Such 
hanges could be reversed by repeated washing with normal or hypertonic mammalian Ringer 
Fig. 6). Cardiographic abnormalities of similar type could be induced by instilling saline solution 
nto the pericardium. Mammalian Ringer never caused any adverse effect on the electrocardiogram. 
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Fic. 5.—Histological changes after defibrillation of rabbit heart. (A) Destruction and heat coagulation of blood in 
large coronary vessel. After exposure to 100-volt shock for 0-5 sec. (H & Ex60). (B) Some cedema of epi- 
cardium, and coagulative necrosis of myocardium. After exposure to 100-volt shock for 0-5 sec. (H & Ex 60). 


DISCUSSION 


The present experiments suggest that with defibrillators lacking precise time and current control, 
(he two main dangers are undue local heating of the cardiac muscle, and the production of resistant 
ystole. In the rabbit, 100 volts for 0-5 sec. produced a serious burn. 

Local Heating. The rabbit heart has a lower electrical resistance than the human heart, and 
ining will therefore tend to occur at a lower voltage; the electrodes are also smaller, giving a 
lative increase in the local current density. On the other hand, larger voltages are commonly used 
man, and on theoretical grounds it seems likely that application of current for a similar time may 
ve equally deleterious effects on human cardiac muscle. 
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Fic. 6.—Histological changes after defibrillation of rabbit heart. (A) More extensive 
cedema of epicardium and myocardial damage. After exposure to 200 volt shock for 
1 sec. (B) High-power view of myocardium in Fig. 6 (A). Comparison of normal 
(/eft) and burnt (right) tissue. BothH&E. x60. 


Assuming electrical contact is adequate to prevent arc formation, then the average rate of heating of the 
cardiac mass can be calculated by Joule’s law. Assuming power dissipation to be at the rate of 20:0 
watts/sec. as is possible in the simple mains voltage models, the mass of the blood-filled heart to be 600 «., 
and the specific heat of both blood and cardiac muscle to be unity, then the general temperature of tie 
cardiac mass will rise by 0-75 °C./sec. However, local heating in the vicinity of the electrodes will be 30- 0 
times more rapid, because of the smaller cross-section of the current path (<20cm.? at the electrod s, 
compared with 70 cm.? in the heart proper) and the greater resistance of cardiac muscle as compared w h 
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Fic. 7.—Effect of saline-filled electrodes on electrical conduction in rabbit heart. (A) Con- 
trol observation (open pericardium). Normal sinus rhythm; (B) Electrodes in 
contact with heart for 2 minutes. Sinus rhythm, but increased P-R interval and de- 
pression of S-T segment; (C) After removal of electrodes and repeated rinsing with 
mammalian Ringer fluid. Sinus rhythm, S-T segment again has normal appearance. 
P-—R interval still longer than in (A). 


blood. Thus, at the point of application of the electrodes, temperatures can rise at a rate of 50°C./sec. If 
the initial temperature of the part is 30° C., and 40° C. be accepted as the safe upper limit of heating it will 
be dangerous to apply the mains voltage for more than 0-2 seconds. 


It is significant that from practical experience McMillan (1955) considers that **0-5 sec. is long 
enough for electrical burns to be produced’’; he recommends 0-2 sec. as the stimulus duration for 
the St. Thomas’s defibrillator. The greatest risk of burning is at the points where the electrodes 
are applied; this danger can be decreased by increasing the surface area of the electrodes and by 
dipping them in a conducting fluid (Leeds, 1953). However, despite these precautions, the figures 
for the push button switch (Table I) suggest that many operators would produce burning particu- 
larly in emergency use of the apparatus. The fuse-limited device will be particularly dangerous 
to the patient if contact is poor, as if the current is less than two amperes it may flow for ten seconds 
or longer. 

The clinical prognosis of a myocardial burn is probably similar to that of an infarct in a com- 
parably anoxic heart. Anesthetists have known patients to recover despite marked burning 
(Lucas, personal communication), but the presence of injured tissue must worsen zhe chances of 
re overy, and the tendency to arrhythmia may actually be increased by the injury, particularly if the 
co onary vessels are involved. 

Can stimulus duration be reduced further? Values of 0-1-1-0 sec. have in the past been recom- 
m ded largely on an empirical basis. Such times bear little relation to the accepted cardiac 
ch onaxie of 3-4 m.sec. (Lovatt Evans, 1952). It may be that a large part of the applied current 
erses the blood within the heart rather than the cardiac muscle, and that in many areas of the 
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wall the current density fails to reach the rheobasic value. If this is the case, the parts of the muscl eric 
wall immediately depolarized must be maintained in an unexcitable state while the impulse i lefib 
conducted to the remainder of the ventricular tissue. At the normal conduction rate of 50 cm./sec Ata 
(Lovatt Evans, 1952), and with a heart of normal dimensions, this is unlikely to require more thai eem 
0-1 sec. Even with the largest heart, the maximum requirement should not exceed 0-2 sec., an et. 


any form of apparatus providing the possibility of a longer current application is not only potentiall 
dangerous, but also unnecessary. 


Production of Asystole. The importance of cardiac asystole is more controversial. Som T 
clinicians consider asystole as the normal response to a defibrillating shock (Lucas, personal com Pc 
munication), but the present experiments would seem to suggest that in the rabbit it is more likeh O 
to occur when the current strength is excessive. It is possible that the rabbits were in better condi ne ¢ 
tion than the typical unconscious patient, although fibrillation had usually been maintained fo- me. 
some minutes before the defibrillator was tested. Further observations are needed on patient, E 
under emergency conditions, but if it can also be substantiated in man that an unnecessarily large entr 
or maintained current increases the chance of atrio-ventricular block (perhaps by direct injury of the omn 
conducting system), this will be a further powerful argument in favour of careful control of curreni r as 
and stimulus duration. T 

iucts 
Selection of Method of Defibrillation . Pi 

Optimum Conditions. Choice of stimulus strength and duration is governed by two opposing TI 
factors. An excessive shock may cause burning or asystole, while an inadequate shock fails to price 
defibrillate with consequent further deterioration of cardiac and general condition. In general it ~ 
would seem better to increase the stimulus duration rather than the current, since heating is directly le 
proportional to time, but is proportional to the square of applied current. In the rabbit, 100 volts Crown 
(= 8 amp.) for 0-2 sec. is the upper limit of safety, and in the larger human heart this is 250 volts MS 
(= 12 amp.) for 0-2 sec. (McMillan, 1955). For an averaged-sized human heart | ampere for 
0-1 sec. is probably the optimum initial shock. If this does not produce defibrillation, the 
duration should be increased to 0-2 sec., and should this still be ineffective, the amperage should be 7 pend 
increased in stages to Samperes. With a large heart, an initial duration of 0-2 sec. would be selected Kelly, 
and with a child’s heart an initial value of 0-05 sec. would be more suitable. p Leeds, 

Choice of Defibrillator. Some clinicians have argued that there is a case for a “‘simple”’ defibrilla- — 
tor, such as Model II. Advantages that have been claimed are simplicity, cheapness, and elimina- McMil 
tion of a need for regular testing. Simplicity of operation (but not necessarily of design) is desirable ab 
in emergency equipment; however, such could be obtained with ‘“‘controlled”’ apparatus by pre- Ringer 
setting the controls at a safe maximum (for instance, 5 amp. 0-2 sec. pulse). The cost of apparatus ~ = — 

. yatt, 


such as the Porton defibrillator is inevitably higher than a simple fuse box system, but is not 
excessive as it can be assembled quite quickly from standard components by the average hospital 
or laboratory workshop. The expenditure of a few additional pounds (the commercial price of 
Model II is £6 10s. Od.) is a small price to pay for the additional safeguards obtained. Elimination 
of a need for testing is also probably an illusory advantage, as even with the simplest apparatus 
damage to leads and corrosion of switches can occur with time. Further, regular testing ensures 
that the staff are familiar with the equipment. 

The present work indicates that an apparatus in which there is control of both stimulus duration 
and strength is required if cardiac damage is to be consistently avoided. Model III meets most of 
the requirements when fitted with an electronic time switch. However, the Porton defibrillat: 
incorporates certain additional safeguards, including selection of current prior to use, and a 
secondary timing system in the remote event of failure of the electronic mechanism. 

Electrode Composition. The use of pure saline as a bathing fluid for the heart has been depr 
cated since the classical experiments of Ringer (1883), and the present observations show that sali 
impregnation of the electrodes has an adverse effect on subsequent electrical conduction in t 
rabbit heart. Brine may be slightly less harmful in man because of the larger initial volume > 
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vericardial fluid, but here, too, it no doubt contributes to the “‘current of injury”? seen after 
lefibrillation. There is nothing to commend saline except its availability in the operating theatre. 
\t a comparable dilution, mammalian Ringer has a similar electrical conductivity, and it would 
eem a simple matter to keep a pint bottle of sterile mammalian Ringer fluid in every defibrillator 
et. 


SUMMARY 


Three commercial defibrillators are described and also a new defibrillating apparatus developed 

Porton. 

On theoretical grounds all three commercial models are hazardous because there is no second 
ne of defence against switch or fuse failure, and all can supply too large a current for too long a 
me. These defects are overcome in the Porton defibrillator. 

Experimental evaluation has shown that all types of apparatus could stop electrically induced 
entricular fibrillation in the rabbit. However, excessive strength or duration of stimulus with the 

ymmercial models produced severe burning of the myocardium and an atrioventricular block 
r asystole rather than a normal sinus rhythm. 

The introduction of saline into the pericardium caused severe abnormalities of electrical con- 
.uction, which were reversed by application of mammalian Ringer solution. The latter solution 
-hould always be used for impregnating cardiac electrodes. 

The Porton defibrillator is slightly more costly than some forms of defibrillator, but the added 
rice is small compared with the extra safeguards that are obtained. 


| am indebted to Dr. B. G. B. Lucas, consultant anesthetist, for his stimulating discussion of this manuscript. 


Crown copyright of the illustrations is reserved, and these are reproduced with the permission of the Controller, 
H.M.S.O. 
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After the first year of life the valves of the human heart become covered by filiform tags, known 
as Lambl’s excrescences. These have been shown by Magarey (1949) to be the result of the organiza- 
tion of partially attached deposits of fibrin on the surface of the valve, and hence may be regarded 
as a normal ageing process. Lambl’s excrescences rarely exceed 1 cm. in length and produce no 
pathological sequele. 

Exceptionally, much larger polyps occur on the cardiac valves in the form of papilliferous 
tumours. Even these usually occur in otherwise normal hearts and rarely give rise to symptoms. 
Bohrod (1929) for instance described them as “‘small, harmless bodies’. However, the present 
report of two further examples of such papilliferous tumours of the heart valves shows that, if they 
arise near the origin of a coronary artery, they may cause symptoms. 


Case 1. A man, aged 57 years, died from generalized peritonitis following a total gastrectomy for an 
adenocarcinoma of the stomach. At autopsy the heart weighed 310g. The cardiac chambers were normal 
in size. The thickness of the right ventricle was 3 mm. and that of the left ventricle was 13 mm. The 
tricuspid, mitral, and aortic valves were normal in structure. Two of the three cusps of the pulmonary 
valve were partially fused. There was no evidence of previous bacterial endocarditis and the fusion 
appeared to be congenital in nature. On the ventricular surface of the normal cusp was a soft, papilliferous 
polyp, 5mm. in diameter. There was only one coronary artery; this originated from the left coronary sinus. 

On histological examination the polyp had a papillary structure (Fig. 1). The villi were covered with 
flattened endothelium-like cells (Fig. 2). The core of each villus was composed of hyaline fibrous tissue in 
which few cells and no blood vessels could be seen (Fig. 2). Between this fibrous core and the lining endo- 
thelium there was a layer of fibrillar myxomatous tissue which was basophilic on staining with hematoxylin 
and eosin (Fig. 2). Rounded cells, resembling macrophages, with eccentric nuclei and vacuolated cytoplasm 
were found in this loose tissue. The mucinous material of the myxomatous zone and the macrophages 
stained feebly with the periodic acid-Schiff reagents, indicating the presence of carbohydrate. This substance 
proved to be a mucin, as it gave a positive reaction with Southgate’s mucicarmine. More precisely it 
appeared to consist of acid mucopolysaccharide, for it stained strongly with Hale’s dialysed iron, the strength 
of the reaction overshadowing the lack of specificity generally associated with it. Metachromasia was 
demonstrated with toluidine blue. Small irregular clumped masses of tissue staining positively with 
Verhoeff’s stain for elastic tissue were seen in the pedicle, but not in the tumour villi. Iron pigment was 
absent. 


Case 2. A woman, aged 45 years, had occasional attacks of severe anginal pain over a period of several 
years. The pain was felt in the left arm and chest. It was not brought on by physical effort and passed off 
very rapidly. She died following accidental coal-gas poisoning. The heart was small, weighing 250 g. 
The thickness of the right ventricle was 3 mm. and that of the left ventricle was 10 mm. _ The tricuspid, 
pulmonary, and mitral valves were normal in structure, the circumferences of the tricuspid and mitral 
valves being 9-5 cm. and 7-0 cm. respectively. The circumference of the aortic valve was 5:8cm. On the 
anterior cusp of the aortic valve, 3 mm. to the left of the central nodule, was a pedunculiited 
polyp (Fig. 3). The stalk was 3 mm. long and 2x 1 mm. in cross-section. There was a villous nodule on 
the end of this which measured 8X 7x5 mm. This tumour resembled a sea anemone in appearance and 
at autopsy was found to be capable of falling back into the anterior aortic sinus to block partially the origin 
of the right coronary artery (Fig. 3). The ascending aorta showed fatty streaking of the intima and tere 
was no organic narrowing of the coronary ostia, which appeared normal. The coronary arteries also she ved 


* Present address, Department of Pathology, University of Aberdeen. 
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2 thes Fic. 1. Case 1—A section through the pulmonary valve and the 
“J tumour growing from it. The tumour is highly papilliferous. 

The frond of the tumour indicated by a black arrow is illustrated 

at higher magnification in Fig. 2. Stain, hematoxylin and eosin 

( x 16) photographed with filter to increase contrast. 
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ydule on 4 Fic. 2.—Case ].—A section through one of the fronds 
nce and 4 of the tumour indicated in Fig. 1 by a black arrow. 
1e Origin It is covered with flattened endothelium-like cells. 
nd tere The core consists of fibrous tissue. Between the two 
ho ved a is a layer of myxomatous tissue, the staining proper- 
) SHOW ties of which are described in the text. To the left 
of the photograph part of the pedicle is seen in trans- 
verse section. Stain, hematoxylin and eosin (x75). 
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Fic. 3.—Case 2.—On left: The left ventricle has been opened to show the aortic valve and the anterior cusp of the 
mitral valve. A papilliferous tumour is seen attached to the anterior cusp of the aortic valve. The ostium of the 
right coronary artery is indicated by a black arrow. The ostium of the left coronary artery is also seen; the aorta was 
dissected to display this vessel and later partially reconstituted, so that the ostium has the spurious appearance 
of being widely dilated. On right: The aorta has been cut across to show the aortic valve from above and the 
position of the tumour in life. The papilliferous growth, which looks like a sea-anemone, arises from the anterior 
cusp and fills the anterior aortic sinus. The position of the ostium of the right coronary artery is indicated by a 
black arrow. This photograph demonstrates how the tumour could impede the coronary blood flow during life. 


but minimal atherosclerosis, without narrowing of any of the main branches. The cusps of the aortic 
valve were free from atheroma. 

On histological examination the tumour was papilliferous, but the individual villi were less delicate than 
in Case | (Fig. 5). Each villus consisted of a central core of collagen, surrounded in places by myxomatous 
material and lined by endothelium, but the myxomatous zone was much smaller than in the previous case 
(Fig. 5). The cellular lining differed from that of the previous case in that many of the cells were plump 
and distended with an acid mucopolysaccharide, which gave the same reactions as those described in Case |. 

Cellular polyps composed of a single cell hanging from the surface of the tumour were seen. Other cells 
were found deeper in the tumour. In this situation the mucopolysaccharide formed a densely-staining ring 
at the periphery of the enclosed cell which often appeared shrunken with an eccentric nucleus (Fig. 4). 
The cytoplasm of these cells was packed with PAS-positive granules. Some of the deeply embedded cells 
had no nucleus and a granular cytoplasm so that they resembled corpora amylacea. Some of the viable 
cells which contained mucopolysaccharide were multinucleate. 


Fic. 4.—Case 2.—Cell found within the tumour. A broad ring of strongly positive 
PAS-positive material surrounds the cell which is shrunken, probably an artifact 
due to histological technique. The cytoplasm of the cell contains much PAS- 
positive material. The nucleus is irregular. Stain, periodic-acid-Schiff (x 1270). 


In the centres of many of the cores of fibrous tissue there was much granular material, which stained 
yellow with Van Gieson’s stain. This material, together with some in a narrow zone immediately bene ith 
the endothelium, readily took up Verhoeff’s stain for elastic tissue (Fig. 5). Although this material \vas 
particulate rather than fibrillar, the form usually associated with elastic tissue, there seems little doubt t 1at 
it was elastin. Probably the particulate form of the elastic tissue was a result of the repeated trauma to ‘he 
tumour by the flow of blood through the aortic valve. The pedicle of the tumour also consisted of fit ro- 
elastic tissue. No iron pigment was found in the tumour. Metachromasia with toluidine blue was s ‘en 
in the pedicle and myxomatous zone. 
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PAPILLIFEROUS TUMOURS OF THE HEART VALVES 





Fic. 5.—Case 2.—A section through the tumour growing 
from the aortic valve, which is illustrated in Fig. 3. 
The villi of the tumour are much less finely papilli- 
ferous and there is less myxomatous material than in 
Case 1. They consist largely of fibrous tissue and 
elastic tissue. Stain, elastic/Van Gieson ( x 24). 


DISCUSSION 


Papilliferous tumours, such as those described in the present communication, may occur on any 
of the heart valves, usually on the ventricular surface of the semilunar valves, as in Case 1, or on the 
atrial surface of the atrio-ventricular valves (Raeburn, 1953). There is no special age or sex inci- 
dence (Bohrod, 1929). Most of the previously reported papilliferous tumours of the heart valves 
have been single. An exception to this was the case of multiple tumours of the pulmonary valve 
reported by Bohrod (1929). 

rhe previously reported tumours of the heart valves have been uniform in structure. As in the 
present cases, they are usually papilliferous and pedunculated tumours, the villi of which consist of 
a core of dense fibrous tissue, often showing hyaline change, with surrounding myxomatous tissue. 
The latter is composed of loose, cellular tissue and a mucoid material demonstrated in the present 
and previously reported cases to be an acid mucopolysaccharide. Raeburn (1953) showed that the 
characteristic staining reactions of the mucinous substance were removed by hyaluronidase, sugges- 
ting that the acid mucopolysaccharide present is, or is closely related to, hyaluronic acid. The 
tumours are covered by flattened epithelium and contain no iron. Elastic tissue is present, charac- 
teristically in the pedicle, as disorganized masses (as in Case 2) suggesting that the trauma of valve 
movement has broken down pre-existing elastic fibrils. Well-defined elastic fibrils may aiso occur 
immediately under the cellular lining of the tumour. 

Widely differing views as to the nature of this tumour are held. According to Hertzog (1936), 
Curtis (1871) thought that the tumours reported at that time were inflammatory in origin as there 
was evidence of preceding endocarditis. Koechlin (1908) thought that these polyps might be 
uni sually large excrescences of Lambl, a view still held by many pathologists today. 

ne variety of congenital endocardial sclerosis recognized by Craig (1949) consists of lesions, 
cor ined to the heart valves, which have a very similar histological appearance to that of the papilli- 
ferc us tumours which form the subject of this paper. It has long been considered that such tumours 
ma be neoplastic (Debove, 1873). They are similar to new growths occurring in the chambers of 
the ieart, particularly around the margins of the fossa ovalis. A complex nomenclature has often 
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been used to describe individual examples of what is basically one type of tumour. These nam: s 
are based solely on the predominant tissues seen in the particular specimen reported. As early ‘s 
1929 Bohrod found that various authors had termed examples of these tumours myxoma, fibrom , 
fibro-angio-myxoma, and hemangio-elasto-myxoma, and to this imposing list he added the tern 
hemangiofibroma. 

Raeburn (1953) believes that tumours of this type have only a limited capacity for growth, which 
is not significantly greater than that of the surrounding normal tissues. He prefers to designa e 
them hamartomas, qualifying this general term in a particular instance by prefixing the name of 
the predominant tissue present. 

Most of the reported tumours have produced no symptoms and have been discovered incideii- 
tally at autopsy. Case | is a further example of this type. In Case 2, however, while the tumour 
was of identical structure, its peculiar position in relation to the ostium of the right coronary arteiy 
led to angina pectoris. This was presumably due to partial occlusion of the ostium from time to 
time by the pedunculated polyp. 


SUMMARY 


Two papilliferous tumours of the semilunar valves are described. One occurred on the pulmo- 
nary valve of a man aged 57 years and gave rise to no symptoms. The other grew on the anterior 
cusp of the aortic valve of a woman aged 45 years. This partially filled the anterior aortic sinus, 
close to the ostium of the right coronary artery, and was associated with angina pectoris during life. 
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This paper describes the clinical and morbid anatomical findings in two siblings having hypoplasia 

the right ventricle and tricuspid valve without other cardiac defects, and it discusses the possible 

emodynamic consequences and difierential diagnosis of this malformation. 

Hypoplasia of the right ventricular chamber is seen in tricuspid atresia (Taussig, 1947) and in some 
cases of pulmonary atresia with intact ventricular septum, and it may be associated with tricuspid 
hypoplasia in the latter condition (Chiche, 1952). Apparently however, there have been no previous 
descriptions of isolated hypoplasia of the right ventricle and tricuspid valve, although Keith et al. 
(1958) list this combination as one that can be mistaken for tricuspid atresia. It is convenient to 
distinguish pathologically congenital tricuspid stenosis, in which the orifice is narrow because of 
failure of commissural separation, from tricuspid hypoplasia, in which the orifice is reduced by the 
small size of the valvular ring but the small valvular leaflets are otherwise essentially normal. In 
our cases the right ventricular hypoplasia consisted in abnormally small external size, wall thickness, 
and chamber capacity. 


REPORT OF CASES 


Clinical Observations. Case 1.—The patient, a girl, was born in August, 1954. Her mother had had one 
previous pregnancy, resulting in a child then living but with hemophilia. The parents did not know of any 
congenital malformations in their families, and there was no history of consanguinity. 

Examination on the day of birth showed cyanosis, which was improved by administration of oxygen and 
worsened with crying. The heart rate was regular at 120 a minute. No murmurs were heard. The liver 
was palpable 3 cm. below the costal margin and was pulsating. The femoral pulses and the remainder of the 
clinical findings were normal. 

The thoracic reentgenogram (Fig. 1a) showed a long transverse cardiac diameter with prominence of the 
right cardiac border, suggesting right atrial enlargement, and abnormally pale pulmonary vascular markings. 
The cardiogram (Fig. 1b) was interpreted as showing right atrial enlargement, prolonged atrioventricular 
conduction, and poor function of the right ventricle. 

The diagnosis was right-to-left interatrial shunt with poor function of the right ventricle, possibly asso- 
ited with tricuspid or pulmonary atresia. The next day the child was less lively and more cyanosed; and 
exploratory thoracotomy was done with a view to increasing the pulmonary blood flow, even if no corrective 
rgery was possible. At operation probes were passed through the tricuspid and pulmonary orifices via a 
all right ventriculotomy, thus excluding tricuspid or pulmonary atresia. Following these manipulations 
» child’s condition gradually failed and she died. 

The significant abnormalities found at necropsy were confined to the heart and will be described later with 
hose in Case 2. 
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Case 2. The mother of Case 1 had a third pregnancy, with a normal infant born in 1956. A fourth 
pregnancy, also uneventful, resulted in birth of a boy, this case, in September, 1959. Cyanosis was noticed 
from birth. On examination the baby was vigorous and weighed 3:1 kg., but had cyanosis, equal in the upper 
and lower halves of the body, which increased with crying. The heart rate was regular at 120a minute. No 
cardiac overactivity was detected. The first and second sounds were normal in intensity and were not split. 
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Fic. 1.—{a) Thoracic roentgenogram showing cardiothoracic ratio of 62 per cent, prominence of the right 
border compatible with right atrial enlargement, and pale pulmonary vascular markings. Case 1. 

(b) Mean QRS axis +110°. Vectorial analysis of this scalar electrocardiogram in the frontal plane 
showed a clockwise loop. Tall P waves. P-R interval 0-16 sec. rS pattern in V1. Splintered low- 
voltage QRS complex in V6. T waves flat or negative. Case 1. 

(c) Thoracic roentgenogram showing cardiothoracic ratio of 60 per cent, prominence of the right 
border compatible with right atrial enlargement, and pale pulmonary vascular markings. Case 2. 

(d) Mean QRS axis in frontal plane —10°. Vectorial analysis in the frontal plane showed a counter- 
clockwise loop. P waves tall in lead II, notched in lead I. P-R interval 0-18 sec. rS pattern in lead V1. 
qRs pattern in lead V6. T waves flattened. Case 2. 


An added sound was heard in late diastole but there were no murmurs. The lungs were clear on ausculta- 
tion. The liver was palpable 2 cm. below the costal margin and was pulsating. The femoral pulses and the 
findings from the remainder of the physical examination were normal. 

The thoracic roeentgenogram (Fig. 1c) showed a transverse cardiac diameter slightly longer than normal, 
prominence of the right border compatible with right atrial enlargement, and paleness of the pulmonary 
vascular markings. The cardiogram (Fig. 1d) suggested right—and possibly also left—atrial hypertrophy 
without evidence of a normally functioning right ventricle. 
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Because the clinical findings in this case were similar to those in Case 1, and because siblings tend to have 
the same type of congenital heart disease, it seemed likely that he had the same malformation. Full doses of 
ligitalis brought no improvement, and the child died six days after birth. 

At necropsy only the heart showed significant abnormalities. The specimen will be described now, with 
hat from Case 1. 


Pathological Observations. The hearts in the two cases (Fig. 2, 3, and 4) were essentially similar, 
nd they can be described together. The great vessels were normally interrelated and the venous 
onnections of the heart were normal. Low in the ventricular portion of the heart was a concavity 
orresponding to the normal location of the inflow part of the right ventricle. The right atrium was 
ilated and its wall hypertrophied. 

The interior of the heart revealed that the atrial septum was normal; but in each case the foramen 
vale was patent, though valvular-competent. The tricuspid orifice was guarded by a tricuspid 
alve which was normal in respect to form, but the valve itself and the orifice were diminutive. In 
‘ach instance the orifice measured only about 6 mm. in diameter. The tricuspid valve led into the 
ight ventricle, which appeared hypoplastic. The elements of the outflow portion could be identified 
eadily. The apical or inflow portion of the ventricle, however, was mostly lacking, so the right 
entricular chamber was considerably smaller than normal. 





Fic. 2. Fic. 3. 


Fic. 2, Case 1.—(a) Right side of heart. The right atrial chamber is enlarged and its wall is hypertrophied. The 
form of the tricuspid valve is intrinsically normal, but the orifice is narrow. Only a small part of the inflow 
portion of the right ventricle is formed. 

(b) Right ventricle and pulmonary valve. Major portion of the small right ventricle is composed of outflow 
tract. Its wall is relatively thick but normal for this age. Major part of ventricular mass of heart is formed 
by left ventricle. 


Fic. 3, Case 1.—Left side of heart. Probe in patent foramen ovale. Mitral valve and left-sided chambers are normal. 


The pulmonary orifice was normal in size and was guarded by three cusps, and the pulmonary 
tract was of normal calibre. The mitral and aortic valves and the left ventricle were normal. The 
ductus arteriosus was patent in both cases, but appeared in each to be unusually narrow for a newborn 
infant. 

Histological examination of the small branches of the pulmonary arteries by Dr. C. A. Wagenvoort 
using his own technique (Wagenvoort, in press), showed that, as compared with data from controls 
of the same age, both the thickness of the media and the area of medial surface per unit of lung 
tissue were within the range of normal in Case 1 and were much below normal in Case 2. The 
significance of this finding is as yet uncertain. 
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Fic. 4, Case 2.—_(a) Exterior of heart and lungs. The right atrium (R.A.) is grossly dilated and its wall is hyper- 
trophied. The right ventricle (R.V.) is hypoplastic. L.V.=left ventricle. A narrow patent ductus arteriosus 
(D) is present. 

(6) Right atrium. Probe lies in the hypoplastic but otherwise normal tricuspid valve. Right atrial 
wall is hypertrophied and chamber is dilated. 

(c) Right ventricle and pulmonary valve. Probe lies in the hypoplastic tricuspid valve. The right ventric- 
ular chamber is hypoplastic, being composed of hardly more than the outflow portion. The left ventricle 
(L.V.) forms the major part of the ventricular mass of heart. 

(d) Left side of heart. Probe is in patent foramen ovale. The mitral valve and left-side chambers are 
normal. 


DISCUSSION 


Although there are occasional reports of congenital tricuspid stenosis, usually with associated 
cardiac defects (Peacock, 1854; Vierordt, 1901; Abbott, 1936; Kjellberg et a/., 1955; and others), a 
search has not revealed any case similar to the pair reported here. Similar hypoplasia of the right 
ventricle and tricuspid valve has, however, been described with other abnormalities, for instance, 
pulmonary atresia (Chiche, 1952; Keith et a/., 1958), infundibular pulmonary stenosis and ventricular 
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septal defect (Chiche, 1952), and pulmonary valvular stenosis, ventricular septal defect, and trans- 
nosition of the great vessels (Durand and Metianu, 1954). 
Two cases of isolated right ventricular hypoplasia with normal tricuspid valves were mentioned by 
Cooley et al. (1950). Gasul et al. (1959) reported a case in which the differentiation between 
bstein’s disease and hypoplasia of the right ventricle remained undecided despite thorough in- 
estigation and thoracotomy: there was no evidence of tricuspid stenosis. 
Hemodynamics. Since cardiac catheterization was not done in either of the cases here reported, 
‘ye hemodynamics can only be conjectured from the clinical and pathological findings. These two 
ifants had cyanosis as an effect of right-to-left shunting through the patent foramen ovale, but it is not 
-rtain what was the fundamental cause of the obstruction to blood flow that raised the right atrial 
ressure above the left. It seems likely, however, that both the smallness of the tricuspid orifice and 
1e smallness of the right ventricular cavity would tend to raise the right atrial pressure, the former by 
roducing an early diastolic gradient across the valve and the latter by raising the end-diastolic 
ontricular pressure. At cardiac catheterization in a future case it might be possible to assess these 
vo factors. An additional load on the small right ventricle in early life would be the normal elevation 
f pulmonary vascular resistance at that age (Edwards, 1960). 
Cause of the Ventricular Hypoplasia. Whether the hypoplasia of the right ventricle in these cases 
a primary developmental abnormality or whether it is due to a reduction of tricuspid flow in foetal 
fe is open to question. That selective failure of development of a ventricle can occur is illustrated 
y two cases of right ventricular hypoplasia with normal tricuspid valves (Cooley et a/., 1950) and the 
ase of a 7-month-old child described by Uhl (1952), in whom the myocardium was absent from an 
itherwise normal right ventricle. Similar indirect evidence in favour of primary ventricular 
ypoplasia in our cases is provided by the work of Fales (1946), who found experimentally that the 
iearts of salamanders (Ambystoma punctatum) often developed to normal external size without 
vlood flow through them, although the ventricular cavity tended to be reduced. 


Differential Diagnosis. The malformation here described will have to be distinguished from other 
conditions that may cause cyanosis from birth with clinical, reentgenographic, and electrocardiographic 
evidence of right atrial hypertrophy and reentgenographic evidence of reduction in pulmonary blood flow 
without clinical or cardiographic evidence of right ventricular hypertrophy. The principal anomalies in 
this group are tricuspid atresia, Ebstein’s malformation, pulmonary atresia with intact ventricular septum, 
and congenital tricuspid stenosis. 

Tricuspid Atresia. The clinical appearance in our cases was similar to that in tricuspid atresia except that 
Case 1 had a mean QRS axis of +-110: an axis so far to the right rarely occurs in tricuspid atresia. Evidence 
against tricuspid atresia would be afforded if the first heart sound were split or if a pathway from right 
atrium to right ventricle could be demonstrated by passing a catheter through the valve, by angiography, or 
by an indicator-dilution technic (Birkhead and Wood, 1957). 

Ebstein’s Malformation. The cardiogram is likely to help in differentiating Ebstein’s malformation, 
since, it usually shows complete or incomplete right bundle-branch block (although the R wave in lead V1 
may not be so tall as is usual in these types of block). This sign may not be so reliable in infants, however, 
since the QRS duration may become abnormal only later in life (Blount et al., 1957). Cases of Ebstein’s 
malformation with Wolff-Parkinson-White syndrome type B (Sodi-Pallares, 1956; Schiebler et al., 1959) 
resemble the two reported here in the absence of tall R waves in lead V1, but can be distinguished by their 
wide QRS complex and short P-R interval. In those few patients having Ebstein’s malformation with a 
normal QRS duration and an r§ pattern in lead V1 (Broadbent et al., 1953; Schiebler et al., 1959) more 
direct evidence for the anomaly may be obtained by finding leftward and upward displacement of the tri- 
cuspid orifice at catheterization. Minor anatomical valvular displacement of the Ebstein type, however, 
might be indistinguishable from the normal situation and yet be responsible for tricuspid insufficiency and a 
right-to-left interatrial shunt. 

Pulmonary Atresia with Intact Ventricular Septum. If the right ventricle is small, the cardiogram may 
resemble those in our cases. The diagnosis of pulmonary atresia depends on angiographic demonstration of 
complete obstruction to the right ventricular infundibulum. Splitting of the second heart sound excludes 
pulmonary atresia. 


Congenital Tricuspid Stenosis. The possibility of treating patients with congenital tricuspid stenosis by 
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commissural splitting and closure of the interatrial communication, as has been performed in one case (Med« 
and Kinmonth, unpublished data), makes it desirable to distinguish that anomaly from hypoplasia of th: 
right ventricle and tricuspid valve. Without adequate hemodynamic data in the two entities, however, it i 
not possible to postulate a diagnostic method—especially since an interatrial communication reduces th: 
diastolic gradient across the valve. 


Familial Tendency. The occurrence of the present rare malformation in siblings lends support tc 
the conclusion of Campbell (1959) that if two cases of congenital heart disease occur in one famil: 
the tendency of the anomaly to be similar in type is greater than can be attributed to chance. Hi: 
material included a series of 26 families in which sibs were affected: in all 14 of the pairs in whicl 
neither sib was cyanosed, the type of heart disease was certainly or probably the same, anc 
among the 12 pairs in which one or both were cyanosed there was a tendency toward similarity 
though less clear-cut. 

Treatment. Anastomosis of the superior vena cava and the right main pulmonary artery wa: 
suggested by Glen (1958) to counteract various malformations of the right side of the heart, some o! 
which have a functional effect similar to that in the present cases. This procedure is not yet eval- 
uated and the authors have no personal experience of it. It was performed in the case of Ebstein’s 
malformation or right ventricular hypoplasia reported by Gasul et al. (1959). 


SUMMARY 


In two sibling infants, isolated hypoplasia of the right ventricle and tricuspid valve (an anomaly 
not described elsewhere) gave the clinical appearance of a right-to-left interatrial shunt with evidence 
of diminished right ventricular function. Other malformations that may produce this picture are 
tricuspid atresia, pulmonary atresia with an intact ventricular septum and a small right ventricular 
chamber, Ebstein’s malformation, and congenital tricuspid stenosis. Correct differential diagnosis 
is important because of the possibility of definitive surgery in some cases of pulmonary atresia and 
congenital tricuspid stenosis. Electrocardiography and angiocardiography appear to be the 
principal methods for achieving such diagnosis. 
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Gout complicating cyanotic congenital heart disease is infrequently recognized. Its occurrence 
i) blood dyscrasias associated with hyperuricemia is well documented (Gliickmann, 1910; Weber, 
134; Barr et al., 1950; Hickling, 1953). In polycythemia rubra vera, gout occurs in 5 to 9 per cent 
‘ patients (Tinney ef al., 1945; Videbaék, 1950; Lawrence, 1955) and the complication has been 
ferred to in secondary polycythemia (Gutman, 1953) and investigated in a man aged 50 with 
vere cyanotic congenital heart disease (Yii et al., 1953). However, relatively few patients with 
vere cyanotic heart disease and polycythemia extreme enough to lead to hyperuricemia survive 
: to adult life when the manifestations of gout are most common. The purpose of this paper is to 
{-aw attention to the occurrence of gout with cyanotic congenital heart disease, for it may be over- 
-oked as a cause of arthritis in such patients. 


anrnnent eo ue 


MATERIAL 


Nine cases of gout complicating cyanotic congenital heart disease were seen in a period of five 
years at two hospitals. Table 1 summarizes the findings. There were 8 men and 1 woman, a 
similar sex incidence to hereditary gout in which 96 per cent of the affected patients are men (Kaegi, 
1955). Eight patients had manifestations of gout before the age of 40, an earlier age incidence than 
in hereditary gout. The administration of diuretics may precipitate gout (Wood, 1956) but this was 
not a factor in these patients. 

Tophi were present in 7 patients, 6 of whom had arthritis also. In 2 patients tophi were known 
to precede the first attack of arthritis by one to two years. The joints involved and the radio- 
graphic appearances were the same as in hereditary gout. 

Cyanosis of at least ten years duration, polycythemia, and a raised hemoglobin were common 
to all patients. The cardiac lesions were tetralogy of Fallot (4 cases), Ebstein’s disease (2 cases), 
infundibular stenosis and reversed interatrial shunt (1 case), transposition of the great vessels with 
pulmonary hypertension (1 case), and pulmonary stenosis and single ventricle (1 case). In all 
patients the leucocyte count was normal. 

Serum uric acid and hemoglobin estimations were performed in 57 patients with cyanotic 
congenital heart disease who had no manifestations of gout, for comparison with the findings in 
gouty patients. Thirty-eight of these patients were between 16 and 52 years of age and 18 were 
under 16. The results are shown in Fig. 1 and 2 and discussed below. 


DISCUSSION 


Patients with primary polycythemia rubra vera have an increased uric acid production which 
may lead to hyperuricemia. When the elevation of the blood uric acid persists over a long period 
of time, precipitation into joints may occur and lead to gout, which presents the same form as the 
hereditary condition (Talbott, 1957). The same situation may be present with secondary poly- 
cythemia although this is not associated with leucocytosis which therefore had not contributed to 
31 
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TABLE 1 





FINDINGS IN PATIENTS WITH CYANOTIC CONGENITAL HEART DISEASE AND GOUT 
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Fic. 1.—Relationship of hemoglobin to serum uric acid 
in patients with cyanotic congenital heart disease 


SERUM URIC ACID éng per 1ooml) 


under 16 years of age. 


Fic. 2.—Relationship of hemoglobin to serum uric acic in 
patients with cyanotic congenital heart disease over 16 
years of age. 
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uric acid production. Thus, in secondary polycythemia, hyperuricemia and its complications may 
be expected to occur less frequently than in polycythemia rubra vera. 

The incidence of gout in secondary polycythemia is not known. The nine cases here reported 
h: ve been found in about 400 patients with cyanotic congenital heart disease, an incidence of 
a} proximately 2 per cent which is five times the probable incidence of 0-2 to 0-5 per cent of the 
g ieral population. If only adult cyanotic patients were considered (that is over 16 years of age), 
th: incidence of gout would be much greater since all patients in the present series were adults and 
th: majority of the 400 cyanotic patients with congenital heart disease were infants or children. 
T is fact, as well as the uniform absence of a family history of gout make it unlikely that gout 
o curring with cyanotic congenital heart disease is a chance association of two diseases. 

The normal serum uric acid in men is 5-5-6 mg. per 100 ml. (Talbott, 1957) and 0-5 mg. less in 
w men (Smyth ef al., 1948). Hyperuriemia was present during and between attacks of gout in 
tl : nine patients. There are a number of factors that influence the development of a raised serum 
u: c acid in these patients. 

The hemoglobin level was 130 per cent or more at the time of the first attack of gout in all the 
p: tients. Cyanosis had been present for at least ten years in each and seven of them stated that 
tl sir colour had deepened 3 to 5 years before the appearance of gout. It is, therefore, likely that 
tl s high hemoglobin levels were present over this period. It is known that in primary polycythemia 
tl sre is no correlation between the height of the hemoglobin and level of serum uric acid (Tinney 
ei al., 1945) and no correlation was found between these measurements in patients under 16 with 
cyanotic congenital heart disease who did not have gout (Fig. 1). By contrast in the 57 patients 
oer 16, 10 of the 25 with hemoglobin levels over 130 per cent had a raised serum uric acid (Fig. 2). 
T 1e remaining 31 patients with a lower hemoglobin showed no tendency to elevation of the serum 
uwicacid. It appears that there is a correlation between hemoglobin and serum uric acid in certain 
of the adult patients with secondary polycythemia. None of these patients with hyperuricemia 
had any manifestations of gout but it is likely that if they survive, gout will develop in some of them. 

Comparison of Fig. | and 2 show that the age of the patient with secondary polycythemia appears 
to influence the development of hyperuricemia. Only one patient under 16, a girl of 14 with 
transposition of the great vessels and pulmonary stenosis, had a raised uric acid of 6-4 mg. per 100 
mi., whereas ten of those over 16 had hyperuricemia. Gout was not seen below the age of 18, and 
five patients were over 30 when the first signs appeared. In normal people studied from infancy to 
adolescence, it has been shown that the serum uric acid increases with age (Hoéffel and Moriarty, 
1924; Starkenstein, 1937). Patients with secondary polycythemia who have no evidence of aberrant 
uric acid metabolism which is found in primary gout (Yii et a/., 1956), may behave as normal people 
and show increase of the serum uric acid with age. It is likely that the initial levels of uric acid 
are higher than in the normal person, owing to increased uric acid production from red cell formation, 

In three of the four patients who had manifestations of gout before the age of 25 there was 
evidence of primary renal disease, which may be a further factor influencing the development of 
hyperuricemia. Cases 4 and 9 had 3 to 5 parts of albumen per 1000 ml. with hyaline and cellular 
casts in the urine and Case 3 had acute nephritis when 12 years old. Histological examination of 
the kidneys at necropsy in Cases 3 and 9 showed only congestion in the former and bilateral chronic 
membranous glomerulo-nephritis with cortical lipid deposits in the latter. Kidneys examined at 
autopsy in Cases 1, 6 and 7 were found to be normal, apart from minor arterial changes in Cases 6 
and 7. In none was there evidence of gouty renal lesions. Case 9 was the only patient in whom 
acute attacks of gout continued when the hemoglobin was below 130 per cent. Following a left 
Blalock-Taussig anastomosis, cyanosis diminished and the hemoglobin fell from 158 to 115 per 
cent. Three years later gout recurred for the first time after operation when the hemoglobin was 
115 per cent and serum uric acid 7-9 mg. per 100 ml. It is likely that the hyperuricemia and gout 
developed with a comparatively low hemoglobin because of impai.ed renal uric acid clearance. 
The primary cardiac disease may have been associated with reduced renal blood flow providing a 
further factor in precipitating hyperuricemia and gout. 
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The commonest cyanotic congenital heart disease associated with gout was the tetralogy of 
Fallot which was present in four patients. It is the commonest congenital cyanotic heart disease 0 
be found in patients who survive to adult life, a fact that accounts for its frequency in this serics. 
Gout was found in only one patient with the Eisenmenger reaction. These patients do not usual y 
have a severe secondary polycythemia except in terminal stages unless the associated lesion ‘s 
transposition of the great vessels (Case 2), and this may account for the infrequency of go it 
complicating the condition. 

Symptomatic treatment for gout in the cyanotic cardiac patients is the same as for the heredita y 
condition. Acute attacks respond to colchicine. Benemid and salicylates may reduce the numb :r 
of attacks and the pain of chronic arthritis. Venesection was most beneficial in prolonging tiie 
length of time between attacks but it should be undertaken with caution, as the polycythemia is 
compensatory. In three patients the serum uric acid was reduced following venesection. Tie 
mechanism for this is uncertain but it is presumed that the temporary reduction in uric acid conti i- 
butes to freedom from attacks. Surgical correction of the anatomical defect is the ideal treatme it 
but operation in these elderly polycythemic congenital cyanotic patients carries a high mortality. 

The diagnosis of the first attack of acute arthritis was frequently incorrect. This is understand- 
able as gout in a patient below the age of 40 without any family history is rare. However, in view 
of the possibility of longstanding hyperuricemia in adult patients with cyanotic congenital heart 
disease, gout is a likely complication and should be remembered in differential diagnosis. 


SUMMARY 


Gout complicating cyanotic congenital heart disease is described in 9 patients, 8 men and | 
woman. All were adults, the youngest being 18 and the oldest 69. Fallot’s tetralogy was present 
in 4 of the 9 patients. The incidence of gout in cyanotic congenital heart disease is greater than in 
the general population. In all the patients studied, the hemoglobin was over 130 per cent and the 
serum uric acid more than 6 mg. per 100 ml. at the time of the first attack. The development of 
gout is related to the degree of elevation of hemoglobin and to the age of the patient. The presence 
of renal disease may be responsible for its occurrence particularly in patients under 25. 


I am indebted to Dr. Charles Baker, Sir Russell Brock, Dr. Ralph Kauntze, and Dr. Paul Wood for allowing me 
to include their cases and to Dr. E. Lawson McDonald for his helpful criticism. I wish to thank Dr. A. K. Missen 
for the histological report on the kidneys of Case 9 and Dr. Reginald Hudson for the report in Case 7. I am particularly 
grateful to the Department of Clinical Pathology, Guy’s Hospital, and the Pathology Department, National Heart 
Hospital, for hemoglobin and serum uric acid estimations. 
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Since the operation of mitral valvotomy was introduced, various attempts have been made to 
e plain the high incidence of histologically active lesions in biopsies of the left atrial appendages 
r moved at operation, in view of the low incidence of active lesions found at necropsy in clinically 
i1 active cases of rheumatic heart disease. Several clinico-pathological studies have been made in 
b opsy series (Kuschner et al., 1952; Catto et al., 1952; Bidrck et al., 1952; Sabiston and Follis, 
1 52; McNeely et al., 1953; Manchester et a/., 1955; Clark and Anderson, 1955; Elster and Wood, 
155), but no correlation has been found between the presence of histologically active lesions and 
tle usual clinical and laboratory criteria of rheumatic activity. 

Most of the figures on the incidence of active lesions in left atrial appendages in biopsy series 
rfer to the presence of Aschoff nodules, although there are considerable differences in what are 
interpreted as Aschoff nodules. Little attention has been paid to mucoid changes and cellular 
infiltrations in the subendocardium, which also appear to be part of the rheumatic process. The 
histological criteria used for rheumatic activity in this series have been described elsewhere (Lannigan, 
1959). 

The following is a description of a clinico-pathological correlation in a series of 175 patients who 
had mitral valvotomy and a necropsy series of 61 cases of rheumatic heart disease. 


METHODS AND MATERIALS 


The first 175 cases of mitral valvotomy at the United Birmingham Hospitals were analysed. The left 
atrial appendage removed at operation was examined hitologically in every case. From the notes the fol- 
lowing information was obtained: age, sex, history of rheumatic fever or chorea with dates of first and 
subsequent attacks, if any, duration of symptoms, dyspnoea, hemoptysis, attacks of congestive cardiac 
failure at the time of operation or at any time previously, involvement of valves in addition to mitral disease, 
hemoglobin, E.S.R., W.B.C., administration of drugs, presence of calcification, and stenosis or regurgitation 
at operation. 

For comparison with the biopsies, a series of 61 consecutive cases was collected from necropsies in the 
U.B.H., in which there was macroscopic evidence of rheumatic heart disease. This was the only selection 
factor adopted initially and the patients were from all age groups. The hearts were fixed whole and 20 blocks 
of tissue were examined from each specimen. From this original series the following cases were rejected. 


All cases above the age of 50 es oa Be os .. 26 cases 
Insufficient clinical information .. = ae os sie 1 case 
Aortic stenosis with little involvement of mitral valve .. os 2 CABG8 
Sub-acute bacterial endocarditis .. ei om a .. 3-cases 
Acute bacterial endocarditis. . ae a eee oa ~» |Cage 


Total 33 cases 
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Twenty-eight cases were left in the series under the age of 50 and all had mitral valve disease. Fourte: n 
of these had involvement of the aortic valve also. The selection of cases apart from age was made on a 
pathological basis and no further clinical sub-division was made for the following reasons. 

(1) The majority of these patients (26 of the 28) died in congestive cardiac failure, while a relative y 
small proportion (34 of 175) in the valvotomy series were in congestive failure prior to operation. 

(2) Many of these patients were admitted in severe congestive failure and died shortly after admissio 1, 
often before complete investigations could be made. This necropsy series may therefore include cases «f 
acute or sub-acute rheumatic fever and three cases were believed to have a recrudescence of active disea e 
in their final illness. None had subcutaneous nodules or skin rashes. 

Of the 61 cases in the whole necropsy series, 12 (20°%) showed active lesions in the heart and of the e 
10 (17°) had lesions in the left atrial appendage. Of the 28 cases used for comparison with the biop: y 
series, 7 (25°) had active lesions in the heart and 5 (189%) of these had lesions in the left atrial appendag >. 
This compares with 112 of 175 (64%) in the biopsy series. 

The histological examinations in the biopsy and necropsy series were carried out without reference to 
any clinical data. The information was transferred to punch cards and analysed. 


RESULTS 


Biopsy Series. In all except one patient the temperature range was within normal limits and the pulse 
rates in those not receiving digitalis were also in the normal range. Apart from a few women with an iron 
deficiency anemia, the hemoglobin values were also within normal limits. 

None of these patients showed clinical evidence of acute or sub-acute rheumatism, although in a few 
there were grounds for suspecting this, e.g. a persistently raised E.S.R., a pulse rate remaining at the top 
range of normal, or perhaps a fairly rapid development of congestive cardiac failure. Rheumatic nodules, 
joint pains, and skin manifestations were absent in all cases. 

Patients with histologically active rheumatism will be denoted “‘postitive’’ (+) and the remainder 
“negative” (—). A separate analysis of men and women rarely showed any sex difference. 

There were 106 women and 69 men. The age distribution is given in Fig. 1, the range being 12-53 
years. All except 25 were between the ages of 25 and 49 years: 64-2 per cent of the female and 63-8 per cent 
of the male patients were positive. Ninety-four (53%) gave a history of rheumatic fever or chorea. Sixy 
per cent of women and 43 per cent of men gave arheumatic history, a sex difference which is significant 
(x?=5-5; p<0-02). Fifty-five per cent of “positive” cases and 51 per cent of “negative” cases gave a 
history of rheumatic fever. The age distribution with respect to the presence of active lesions is shown in 
Fig. 2. In all age groups below 50, the number of positives exceeds the negatives. Up to age group 35-39 
years there is an increasing proportion of negatives, but above this the proportions remain fairly constant. 
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Fic. 1.—Biopsy series. Age distribution. (175 cases.) Fic. 2.—Biopsy series. The relation of age to the presenc« 
of active lesions. 
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Table I is an analysis of some of the clinical data. In each case the analysis is with respect to the total 
incidence of active lesions. E.S.R. rates (Wintrobe corrected readings) of over 10 mm. in one hour for 
men and 20 mm. for women were accepted as abnormal. These are higher levels than usual and were 
adopted in an attempt to limit the effect of other factors. 


TABLE I 
Biopsy SERIES. CLINICAL DATA IN RELATION TO THE PRESENCE (+) OR ABSENCE (—) OF ACTIVE LESIONS 











Clinical findings No. of cases + _ 

Sinus rhythm .. Ke oe oe a oe 97 86 11* 

Atrial fibrillation a vr a ore ee 78 26 a 
Raised E.S.R. ba a sa ae 23 12 11 
W.B.C. above 10,000 . we me a i 14 9 5 
C.C.F. before operation i 34 20 14 
History of C.C.F. at some time prior to operation 17 9 8 
Mitral and aortic disease ne a ; = 32 20 12 
Mainly regurgitation at ae as si a y 4 | 16 11 
Calcification of valve . : sis ae ae 50 31 19 
Total No. of cases .. 175 112 63 





* For sinus rhythm and atrial fibrillation y2=57; p<0-001. 
For other clinical findings no conventional level of statistical significance was found. 


The outstanding feature is the difference in the incidence of active lesions in patients in sinus rhythm 
(£9%+) and atrial fibrillation (33°% +). 

Necropsy Series. Clinical information was not as complete in the necropsy series as in the biopsy series. 
T.iere were 15 women and 13 men. Fig. 3 shows the age distribution of the series. 

Twenty-two of the 28 gave a history of rheumatic fever or chorea. An analysis of some clinical and 
pathological findings with respect to the presence or absence of active lesions in the heart is shown in Table 
Il. Comparison in this case has been made with the presence of active lesions anywhere in the heart and 
not with the left atrial appendage as in the biopsy series. There was no significant difference between 
patients in sinus rhythm and atrial fibrillation but the number of cases in sinus rhythm was small. If all 
cases below the age of 50 are considered, then of 35 cases in this category 6 of 10 in sinus rhythm and 4 of 
25 in atrial fibrillation were positive, a significant difference (y2=6-8; p<0-01). A similar difference is 
found if all necropsy cases are considered. Thus in 59 of the 61 necropsy cases where the cardiac rhythm 
was known, 6 of 12 in sinus rhythm and 6 of 47 in atrial fibrillation were positive (y2=8-2; p<0-01). 
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Fic. 3.—Necropsy series. Age distribution of whole Fic. 4.—Biopsy series. Age distribution with respect to the 
series (61 cases). The shaded areas indicate presence of active lesions and cardiac rhythm. + and 
the rejected cases. — as defined on p. 36. 
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TABLE II 
NEcRopSY SERIES. CLINICAL DATA IN RELATION TO THE PRESENCE (+) OR ABSENCE (—) OF ACTIVE LESIONS 





Clinical findings | No. of cases 





te —_— 
Sinus rhythm .. oa Es Be 6 | » | 3 
Atrial fibrillation sit aa ea 22 4 18 
Raised E.S.R. .. a - a 5 1 4 
W.B.C. above 10,000 .. i we 5 2 3 
C.C.F. on last admission a 55 26 7 19 
History of previous attacks of C.C.F. 21 4 17 

Post-mortem findings | | 

Mitral and aortic disease Sin ‘i 14 4 10 
Calcification of valve . . ss ja 12 2 10 





Total No. of cases .. 28 7 | 21 





RHEUMATIC ACTIVITY AND CARDIAC RHYTHM 


The difference in incidence of active lesions in sinus rhythm and atrial fibrillation was investigated 
further. This was done only in the biopsy series since the numbers were small in the necropsy series. 
The following factors were considered. 

(a) The possibility of some factor in the left atrial appendage in patients with atrial fibrillation that would 
obscure active histological lesions. The most obvious difference is the presence of organizing or organized 
thrombus which was noted in 46 cases in atrial fibrillation and 4 in sinus rhythm. Of the 46 cases in fibril- 
lation, 11 showed active lesions and 3 of the 4 in sinus rhythm were also positive. As described elsewhere 
(Lannigan, 1959), the subendocardium is frequently not involved in the organizing process, although the 
endocardium itself may show an inflammatory reaction. In those cases in which Aschoff nodules were 
found in specimens together with organizing thrombus, there was no special relation between thrombus 
formation and the situation of the rheumatic lesions. For these reasons it is not considered that organizing 
thrombus is obscuring the tissue reaction in many cases. 

(b) The age of the patients. The age distribution with respect to cardiac rhythm and the presence of 
active histological lesions is shown in Fig. 4. The proportion of patients with atrial fibrillation rises until 
age group 35-39 and remains fairly constant in the older age groups. In patients in sinus rhythm the 
number of positives greatly exceeds the negatives at all ages. When patients with atrial fibrillation are 
considered, the proportion of positives decreases until age group 35-39, but in the fifth decade the decrease 
is not continued. From the graph it can be seen that age by itself does not account for the difference in 
incidence of active lesions between patients in sinus rhythm and atrial fibrillation. 

(c) Time interval between last attack of rheumatic fever and date of operation. This was given in75 patients. 
It varied from 2-40 years and no correlation was found with the presence of active lesions. 

(d) Length of history of the disease. The'total duration of rheumatic disease was not known but the date 
of the first acute attack of rheumatic fever was used to compare the incidence of active lesions with the 
length of history of the disease. This was known for 72 patients, 36 of whom were in sinus rhythm. Fig. 5 
shows the relation of the duration of illness to the presence of active lesions and cardiac rhythm. Up ‘o 
14 years from the first acute attack all except one case had active lesions. Beyond this the proportions 
were variable. Up to 14 years all were in sinus rhythm. Beyond this the proportion in fibrillation increased 
and from 20 years exceeded that in sinus rhythm. Although the bulk of patients in sinus rhythm gave a 
shorter history than those fibrillating, there was no evidence within the group showing atrial fibrillation that 
the presence of active lesions is related to the duration of the disease. 

Fig. 5 does not take the age of the patients into account. A breakdown into 10-year age periods provic 2s 
little additional information since the numbers in each group are too small to draw conclusions. Thc:3e 
with atrial fibrillation tend to have a longer history than those in sinus rhythm in each age group, and fr 
positive cases tend to have a shorter history than negative cases except in age group 40—49 years. 

(e) Drugs. Salicylates were not administered regularly to any patient. When digitalis preparatio 1s 
were considered, there was difficulty in getting sufficient information, as to how regularly the patient w is 
taking these drugs before admission for operation. Of 73 cases in which specific mention was made of 
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Fic. 5.—Biopsy series. The relationship of the presence of active 
lesions, cardiac rhythm and time interval between first acute 
attack of rheumatic fever and operation. (72 cases.) 


d zitalis preparations, 58 were taking digitalis regularly before admission for operation and 15 were not. 
T venty-eight cases out of 58 taking digitalis and 13 of 15 not taking digitalis were positive, a large difference 
it incidence. There is, however, a difference in the proportions of patients in sinus rhythm and atrial 
fivrillation taking digitalis preparations. Of 26 patients with sinus rhythm, the 2 without active lesions and 
1. of the 24 with active lesions were not taking digitalis. Of 47 with atrial fibrillation, all the 30 without 
active lesions and 16 of the 17 with active lesions were taking digitalis. If these figures are compared with 
the total number of cases with atrial fibrillation in the series, 16 of 26 positive cases were known to be taking 
digitalis and 30 of 50 negative cases were also taking digitalis. There is no evidence that digitalis has any 
effect on the incidence of active lesions. 


DISCUSSION 


No correlation was found in the biopsy or necropsy series between the presence of histologically 
active lesions and the usual clinical criteria of rheumatic activity, a general finding in other biopsy 
series. Other laboratory methods, e.g. anti-streptolysin O titres and the presence of C reactive 
protein have also shown no correlation with the histological findings (Elster and Wood, 1955). 
Sabiston and Follis (1952) found a correlation with the E.S.R. level, but most others have not. 

Most investigators think from studies on atrial appendage biopsies that the presence of histo- 
logical lesions is indicative of active rheumatism, in spite of the absence of clinical evidence. 
Occasional dissentient views have been expressed. Enticknap (1953), for example, suggested the 
possibility of a different disease from rheumatic carditis, but this view has received no support from 
comparative necropsy studies (Thomas et al., 1953). Tedeschi et al., 1955, put forward the view 
that most lesions in biopsy specimens are senescent and not indicative of rheumatic activity. They 
do not accept the idea of sub-clinical rheumatism although they describe 8 biopsy specimens out of 
400 with “acute” lesions: these 8 cases did not have clinical evidence of rheumatism apart from a 
raised E.S.R. They attribute this discrepancy between the histological and clinical findings to 
antibiotic or steroid therapy. In the present series the earliest forms of rheumatic lesions were 
found in some biopsy specimens and none of the patients were receiving prophylactic antibiotics 
or steroids. Pinniger (1951), McKeown (1953), and Thomas et al. (1953) have also described 
early forms of lesions in valvotomy specimens. The presence of early lesions without clinical 
evidence of active disease suggests that rheumatic carditis can be sub-clinical. This reinforces the 
views of Coombs (1924), Smith (1925), Gross and Ehrlich (1934), and others. 
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Some confusion has arisen over the use of the term “‘active’’. Tedeschi ef a/. (1955), fur 
example, use “‘active’’ and “acute” as synonymous. In the present series the term “active” his 
been used in a histological sense to indicate the presence of the rheumatic process from the earlie it 
stages until the stage of obvious fibrosis. The division into developing and healing is arbitra y 
and no attempt has been made to do so in this series. It is plain that patients undergoing val- 
voiomy do not have acute or subacute rheumatic fever, but the presence of the earliest forms of lesic n 
in some biopsy specimens strongly suggests that rheumatic lesions can develop and retrogre's 
without producing the usual clinical or laboratory features of rheumatic fever. The importance of 
sub-clinical rheumatism in relation to the natural history of the disease has thus been reinforc« d 
since valvotomy was introduced. Undue stress has perhaps been placed on the acute attack of 
rheumatic fever in clinical and pathological descriptions of the disease. In this series 81 patiens 
(47%) gave no history of rheumatic fever or chorea and 50 of these (629%) showed evidence of 
rheumatic activity in the left atrial appendage. 

It appears from the high incidence of histologically active lesions that “attacks” of sub-clinic.l 
rheumatism occur frequently and there is some evidence that they may overlap. In 18 biop:y 
specimens diagnostic active lesions at different stages of development were found in the same 
specimen and in 64 cases non-specific changes—mucoid cedema and cellular infiltration—weve 
found in addition to developed lesions. These non-specific changes have been described by Tala- 
jajew (1929), Klinge (1933), and Gross and Ehrlich (1934) as preceding the development of changes 
in the collagen, and some of these in biopsy specimens may represent early developing lesions. 
Von Glahn (1926) and McKeown (1946) were also of the opinion that attacks of rheumatism are 
sometimes superimposed. Repeated recurrences of sub-clinical rheumatism provide a more 
satisfactory explanation for the progressive damage to the heart than occasional or even hypo- 
thetical attacks of acute rheumatic fever. The role played by organizing thrombus in the develop- 
ment of valvular deformities (Magarey, 1951; Tweedy, 1956) is outside the scope of this investigation 
but it appears likely that both active rheumatism and organizing thrombus are concerned in the 
production of sclerosis of the valve cusps. 

It has to be remembered, however, that valvotomies are carried out on a selected group of 
patients and it is important to know if this group is representative of rheumatic carditis in general. 
Since the introduction of valvotomy the criteria for operation have considerably widened. The 
case histories show that while all patients are dyspneeic on exertion, the physical disability ranges 
from a moderate degree, where patients are able to walk fairly long distances without undue dis- 
turbance, to bed-ridden orthopneic patients. The extent of the valvular damage is also very 
variable. Figures are not readily available in this centre as to the proportions of patients with 
mitral valve diseases who are submitted to valvotomy, but Fraser et al. (1955) state that 50 per cent 
of their cases with mitral stenosis were referred for surgery. This is a substantial proportion and 
probably the selection factor in patients undergoing valvotomy is not as great as one might suspect. 
It has been suggested that patients may be selected for valvotomy, because their symptoms have 
become worse and this deterioration in their condition might be the result of renewed rheumatic 
activity. From the histories in this series there is no evidence of any marked recent deterioration 
in many patients, although many have been steadily becoming worse for some years. 


Active Rheumatic Lesions and Cardiac Rhythm 


The difference in incidence of active lesions in patients in sinus rhythm and atrial fibrillation 
has been shown here in biopsy specimens and to a lesser extent in necropsy cases. Coombs (1924) 
first made the observation that patients who were fibrillating showed little evidence of rheuma ic 
activity: he noted clinically active rheumatism in only 9 of 58 cases with fibrillation and only 1 in 2 
necropsy cases showed active lesions. McNeely et a/. (1953) in a clinico-pathological correlation 
of a biopsy series of 183 left atrial appendages showed a large difference in incidence of Asch: ff 
nodules in sinus rhythm (76% +) and in atrial fibrillation (1694+). They adopted Aschoff nodu es 
as their criteria and, while they mention “non-specific’’ lesions, these are not included in th: ir 
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analyses. The low incidence of active lesions in fibrillation has been confirmed by Manchester 
t al. (1955) but Sabiston and Follis (1953) did not note any difference between those in sinus rhythm 
ind those in atrial fibrillation. 

The explanation for the low incidence of active lesions in atrial fibrillation has not been found. 
t appears from this series that patients who are fibrillating have had their disease for longer periods 
ian those in sinus rhythm. It is possible that the conditions necessary for the development of 
brillation are associated more with the healed process than with the active disease process. 
t is also possible that the disease is becoming quiescent as fibrillation develops or that recurrences 
if sub-clinical rheumatism are occurring at less frequent intervals. 

The difference in proportions of patients in sinus rhythm and atrial fibrillation in biopsy and 
ecropsy series may account in part for the low incidence of active lesions in most necropsy series 
f cases of mitral valve disease. In the present series the ratio of patients in sinus rhythm, 
o those in atrial fibrillation was 1:0-8 in the biopsy, and 1:3-6 in the necropsy series. This is not, 
iowever, likely to be the whole explanation since the incidence of active lesions in sinus rhythm 
n the necropsy series was lower than in the biopsy series. 

It is of course obvious that no necropsy series is really comparable with the biopsy series. A 
roup of patients with mitral valve disease and similar age distribution dying accidentally or from 
ome disease unassociated with their cardiac condition would be difficult to find. In the present 
iecropsy series used as comparison, the largest age group is in the fifth decade as compared with 
he fourth decade in the biopsy series. Other differences are found in the proportion of patients 
vith multiple valve lesions and with congestive cardiac failure. Comparison between the two 
eries must therefore be limited in scope. 


Comparison with Other Biopsy Series 


The reported incidence of active lesions in left atrial appendages from valvotomy operations 
shows a considerable variation from centre to centre (Pinniger (1951) 67 per cent; Waaler (1952) 
25 per cent; Decker et al. (1953), 46 per cent; McKeown (1953) 45 per cent; Gil et a/. (1955) 75 per 
cent). In most cases the incidence is of ‘ Aschoff nodules” but there are differences in the histo- 
logical criteria. It is possible, however, that some of the variation is due to the types of patient 
selected for operation. Most series do not give sufficient clinical information but in some there are 
sufficient data to compare with the present series. 

In the 183 cases reported by McNeely et al. (1953), 46 per cent showed Aschoff nodules. The 
proportion of patients in sinus rhythm was 47 per cent as compared with 56 per cent in this series. 
They showed a decrease in incidence of Aschoff nodules with age, but from their table it can be 
seen that there was a steady rise in the proportion of patients in atrial fibrillation which amounted 
to 75 per cent of patients in the fifth decade. In the present series the proportions of patients in 
fibrillation rose until age group 35-39 but remained constant after this. Fifty-two per cent in this 
series were fibrillating in the fifth decade. From their graph it can be seen that the decrease in 
incidence with age is largely the result of the increasing proportion of patients with fibrillation. 
There is some decrease with age in the incidence of Aschoff nodules in patients who are in sinus 
rhythm, but this still amounts to 58 per cent in the fifth decade. Other differences are noted in the 
age distribution of the patients. In McNeely’s series, there were fewer patients below and more 
above as compared with the present series. There are also differences in the numbers with additional 
aortic valve disease (their series 76; this series 32) and with organizing thrombus (their series 71; 
this series 50). It appears that the type of patient submitted to valvotomy makes a considerable 
difference in the total incidence of active lesions found. 

If the view that rheumatic carditis is frequently sub-clinical is accepted, then doubt must be 
cast on the value of the measures recommended for prophylaxis in the recent report of the Rheu- 
matic Fever Committee of the Royal College of Physicians (1957). It would appear from the results 
obtained in the present series and many other published series on valvotomy specimens that any 
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suppressive or prophylactic measures should be continued throughout the life of the patient. It i 
insufficient to base the results of therapy or prophylaxis on clinical recurrences of rheumatic fever 


SUMMARY AND CONCLUSIONS 


In a series of 175 biopsy specimens of left atrial appendages from mitral valvotomy operations 
active histological lesions were found in 112 (64%). In a necropsy series of comparable age am 
comparable valve lesions the total incidence of active lesions in the heart was 24 per cent. 

No correlation was found between the usual clinical criteria of rheumatic activity and the pre 
sence of histologically active lesions. Since the earliest forms of rheumatic lesions were found ii 
some specimens in the absence of clinical evidence of rheumatic activity, it is deduced that rheumati: 
carditis can be sub-clinical. 

A large difference in the incidence of active lesions was found in patients in sinus rhythm anc 
in atrial fibrillation in the biopsy series and to a lesser extent in the necropsy series. It is suggestec 
that the different proportions of patients in sinus rhythm in biopsy and necropsy series may accoun 
in part for the difference in incidence of active lesions in most biopsy and necropsy series. Th« 
explanation for the low incidence of active lesions in atrial fibrillation has not been found, but it is 
suggested that the conditions leading to the development of atrial fibrillation are associated with 
the healed rheumatic process. 

In view of the frequent occurrence of sub-clinical rheumatism it is suggested that prophylactic 
or suppressive measures should be continued throughout life. 


I wish to acknowledge the willing co-operation and valuable criticism of Mr. d’Abreu, Mr. Collis and the physicians 
of the United Birmingham Hospitals. The Endowment Fund of the United Birmingham Hospitals provided some 
financial assistance. 
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In this paper, under the name of peri-partum myocardial failure, 23 cases of idiopathic heart 
ailure linked with maternity are described. We appraise the nature of this link. 

Priority in describing a syndrome of heart failure connected with childbearing may be given to 
he independent reports of Gouley ef al., and of Hull and Hafkesbring, both in 1937, despite 
he claims made for Virchow (1870), Porak (1880), and Vaquez and Millet (1898). The majority of 
ases have come from the Southern states of the U.S.A., but there have been several reports from 
‘ther parts of North America, from Holland and England, from China and from Brazil (Jensen, 
938; Hull and Hidden, 1938; Musser et a/., 1938; von Bonsdorff, 1939; Vilter and McKee, 1943; 
reeman, 1947; Melvin, 1948; Mackinnon and Mackeen, 1949; Lindeboom, 1950; Chang, 1952; 
Voolford, 1952; Bashour and Winchell, 1954; Marcus, 1955; Meadows, 1957; Silber and Saphir, 
957; Brigden, 1957; Rosen, 1959; Benchimol ef a/., 1959.) The condition has not previously 
een reported from Africa. 

All the patients in this study were African negro women, living in and around Johannesburg: 
2 were discovered in a clinic practice and 20 in Baragwanath Hospital over the last three years 
and one patient suffered two episodes, giving a total of 23 cases. All have been observed and 
followed personally in hospital, clinic, and home and examined by radiology and electrocardio- 
graph. Their nutritional histories have been taken and they have had urine and blood tests. In 
order to diminish bias in the selection of follow-up material, one of us (H.S.) has made a clinical 
survey of all surviving patients. We have rejected a large number of similar cases because of 
incomplete investigation or because of complications that might have contributed to heart 
failure, such as puerperal sepsis, hemorrhage, white leg, or a hint of rheumatic fever. The cases 
were collected over the years 1953 to 1957. 


EPIDEMIOLOGY 


Association between Heart Failure and Childbearing. The onset of symptoms is usually within 
the first ten weeks of the puerperium. More than two-thirds of our patients first fell ill at this 
time, but in three symptoms began in the last trimester of pregnancy, and in one as late as ten months 
after parturition. All those in whom the onset was late were lactating, and we have taken lactation 
as one criterion of a relationship with maternity in cases of peri-partum failure. Apart from the 
three women whose symptoms began late in pregnancy, only one was not in milk at the time 
of onset. The high rate for breast-feeding is normal among African women, as at 5 months 92 
per cent and at 12 months 77 per cent of infants may still be suckled (Gampel, 1959). 

The connection of myocardial failure with maternity is not due to chance. Patients in other 
series and in ours have recovered from the condition only to suffer recurrence after subsequent 
pregnancies (Hull and Hafkesbring, 1937; Woolford, 1952; Meadows, 1957). 


* Late of Alexandra Health Centre and University Clinic, Johannesburg. 
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In order to put this relationship beyond question we compared the time that had elapsed sinc : 
parturition in our 23 cases and in 100 African women of the same age-group who were admitte | 
consecutively to our medical wards. The controls were all non-cardiac cases and had all been prev - 
ously healthy. The association of heart failure and childbearing in our cases is clearly establishe 
{Table 1, columns A and B). 


TABLE I 


THE ASSOCIATION WITH MATERNITY OF THREE GROUPS OF CASES 














A. 23 Cases of Peri-Partum Myocardial Failure. 
B. 100 Consecutive Medical Admissions of Parous Women, 15-45 years, for Non-Cardiac Causes. 
C. 22 Consecutive Admissions of Women 15-45 Years Diagnosed as Idiopathic Myocardial Failure. 
Onset of symptoms in relation to maternity és te ss A. B. €. 
Up to 3 months pregnant .. 3% ms hy 58 = —— 10 — 
4-6 months pregnant sy si os sc ee a -— a — 
6 months pregnant to term. . 3 z 2 
Post-partum, 0-3 months ag 7 13 
Post-partum, 4-6 months 2 7 2 
Post-partum, 7-9 months a 7 — 
Post-partum, 10-12 months 1 Es 1 
Post-partum, 12 or more months, but lactating .. — 3 — 
1-2 years post-partum bd ee - — 13 1 
2 or more years post-partum = 41 1 
Uncertain date aA is — 2 

23 100 22 


* 8 of these occurred in the first month, 4 in the second and 5 in the third. 


Incidence. \n order to discover the incidence of peri-partum heart failure among all cases of 
idiopathic myocardial failure we examined the records of 76 African women admitted consecutively 
to the same medical unit with the diagnosis of idiopathic myocardial failure, and’ we compared 
them with the 100 non-cardiac control cases. We found 54 of the 76 patients with idiopathic 
failure to be post-menopausal. In the remaining 22 we analysed the relationship of the time of 
onset of heart failure and of childbearing (Table 1). More than 80 per cent of the consecutive 
cases of idiopathic failure are related to childbearing in time of onset; only 30 per cent of other 
medical admissions show this relationship. 

Peri-partum heart failure has been described most often in American negroes although it occurs 
in women of Italian, Polish, Dutch, and English stock (Gouley et al., 1937; Lindeboom, 1950; 
and Brigden, 1957.) Series as large as the present one have been observed only in New Orleans (Hu'! 
and Hidden, 1937), also among negroid people (Seligman, 1957). 

No reliable estimate of the incidence of peri-partum failure in a representative population hes 
been made. Woolford (1952) suggests a rate of 1 in 4000 confinements in Cincinnati, Meadows; 
(1957) 1 in 1300 in Chicago. The two clinic cases reported here occurred among 6000 confin« - 
ments. In contrast with previous samples, confinements in the clinic practice are known to t= 
representative of confinements in the local community, but it is possible that other cases of per - 
partum failure occurred and were not recognized. 

Age and Parity. Earlier reports show that the condition occurs throughout the child-bearir. : 
age and at all parities. The age and parity of our patients, when compared with those of the loc: | 
childbearing population (Susser and Stein, 1958) were significantly greater, as shown in the followin 
Tables (P less than 0-001). 

Twin births occurred in association with 3 of the 23 episodes. An excess over the expecte 
rate for twinning (Susser and Stein, 1958), which is here significant at the 3 per cent level, is suggeste 
by earlier accounts. 
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TABLE Il 


PARITY COMPARED IN AFRICAN WOMEN ATTENDING ANTE-NATAL CLINICS 
AND IN 23 CASES OF PERI-PARTUM MYOCARDIAL FAILURE 




















Parity Township women Cases with peri-partum 
failure 
% Cases yA Cases 
. wee & ie ee 18 389 13 3 
14 .. éc es at 67 1424 43-5 10 
5+ .. ne i - 15 321 43-5 10 
Total .. .. £00 2134 100 23 
TABLE Ill 


AGE COMPARED IN AFRICAN WOMEN ATTENDING ANTE-NATAL CLINICS 
AND IN 23 CASES OF PERI-PARTUM MYOCARDIAL FAILURE 














Age Township women Cases with peri-partum 
failure 
% Cases % Cases 
Under 25 years... a 45 972 13 3 
25-29 years ae a 33 703 35 8 
30 years and over .. st 32 459 52 i2 
100 2134 100 23 





Toxemia, reported as common by some authors, occurred in few pregnancies preceding heart 
failure; most often this syndrome followed apparently normal pregnancies. Because the diagnosis 
of toxemia had usually to be made retrospectively, doubt about its frequency persists. 


THE CLINICAL PICTURE 


Symptoms. In most cases the onset is sub-acute or gradual; in a few, three in this series, it is 
acute with breathlessness and pulmonary cedema. On resuming her normal activity after confine- 
ment, the patient notices swelling of the ankles or breathlessness on effort and nocturnal cough 
progressing to orthopnea. She may have bouts of paroxysmal nocturnal dyspnoea or an hemo- 
ptysis. Some authors have described, as well as the many possible symptoms of embolism, chest 
pain of cardiac type and gastro-intestinal symptoms such as nausea, vomiting, and even hemate- 
mesis. We obtained no histories of this kind. Our patients usually sought advice within four 
weeks of the onset of symptoms. 

Signs. None of our patients showed overt signs of malnutrition and in some it was possible 
to make a positive diagnosis of good nutrition, but both in Johannesburg and in the Southern 
States of U.S.A., the condition occurs particularly in a mal-nourished population (Hull and 
Hafkesbring, 1937; Gillman and Gillman, 1951). 

On examination the patient is found to be in congestive cardiac failure. The pulse is rapid and 
regular; the extremities may or may not be cold but they are not warm, and the small or normal 
pulse pressure is in keeping. In 17 of our 23 cases there was a transient rise of the diastolic blood 
pressure between 90 and 100 mm. Hg. The heart was nearly always judged to be enlarged on 
palpation. A left ventricular thrust at the apex was felt in 18 instances and in 8 of these a right 
ventricular heave at the border of the sternum as well; in one patient there was only a right ventricu- 
lar heave. At the apex of the heart a diastolic gallop was heard in all cases but one, a systolic 
murmur of variable intensity in about two-thirds, and in some a tricuspid murmur as well. 
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Special Investigations. In our patients chemical and microscopic examination of the urin: 
revealed no changes unexpected in congestive cardiac failure. Serum albumin and globulin leve s 
were not more abnormal than for the African population in general, and leucocyte counts, hemc - 
globin, urea, and electrolyte levels were all normal. The blood W.R. was negative. In four cases 
the sedimentation rate was high, probably due to pregnancy. Radioscopy showed cardiac enlarge - 
ment in all our cases, with a cardio-thoracic ratio of 0-6 to 0-66 in 13. The left ventricle was domir - 
ant in most and the pulsation, although variable, was usually diminished. Hilar shadowing an! 
other findings in the lungs were normal except in three cases in which infarcts and pleural effusion ; 
occurred. Electrocardiograms were normal in only three patients. Seventeen of the remainde- 
showed high voltage and three inverted T waves over the left ventricle. There were no disturbance; 
of conduction. When previously QRS voltage has been reported, it has been low or normal rathe- 
than high. 

Course. Patients in this series have been under observation, counting only from the onset cf 
heart failure, for periods varying from three months to 44 years. The presence of ventricular hyper- 
trophy appeared to influence the course of the disorder. 

Heart Failure without Hypertrophy. Three patients had no evidence of ventricular hypertroph / 
and complete recovery took place within two weeks on bed rest and a salt-restricted diet (Table IV). 


TABLE IV 


ACUTE REVERSIBLE FAILURE WITHOUT HYPERTROPHY 





| | | 


, l 
| Presented | Lactation Hypertrophy Recovered |Recovered | Recovery 











Case | Age | Parity after after | C.C.F. | heart | maintained= 
No. | parturition | presenta- | Q.R.S. | T wave | Clinical size | observation 
| | | tion | inversion| | | period 
| (weeks) | (mth.) | (mm.) | (LV) | | (weeks) | (weeks) | (mth.) 
tieisai. 2 : et. |} = | 4 ca 4 20 
2 32 3* 1 | 4 | RVS14}; — | — 1 2 5 
3 27 4 2 before | 0 | RV616 | _ _ 1 1 12 


| } 


| 





* Twin pregnancy with failure. 
All treated on bed rest and salt restriction alone. 


The signs of congestion, gallop rhythm, and tachycardia disappeared, the blood pressure fell to 
normal, and the systolic murmur lessened as the heart diminished in size. All have remained well 
for five, twelve, and twenty months. The onset in these three cases was in late pregnancy or within 
two weeks of confinement. There was nothing to suggest toxemia of pregnancy, which has been 
propounded as a cause of rapidly reversible post-partum heart failure (Benchimol et a/., 1959). 

Heart Failure with Ventricular Hypertrophy. Where there was evidence of ventricular hyper- 
trophy, as in the remaining 20 cases, recovery was more gradual and less certain. Regressio 
sometimes continued for as long as a year, although congestive failure usually responded withi1 
two weeks to digitalis and diuretics. 

In 17 cases we based the diagnosis of hypertrophy on the quality of the cardiac impulse, radio 
graphic enlargement, and an electrocardiogram with an R wave in leads V4, V5, and V6 of 25 mm. 
or more, or an S wave in V1 greater than 15 mm. (Wood, 1956; Levine, 1958; Hayward and Weitz 
man, 1958). In3 other instances with slightly smaller R and S waves we took as evidence of hyper 
trophy a thrusting apical impulse, radiographic enlargement, and inverted T waves over the lef 
ventricle. 

We have classified our cases with hypertrophy into three groups according to the course of th 
disease. 


(1) Reversion to Normal Heart Size—9 confinements (Table V). Seven patients recoverec 
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TABLE V 
MYOCARDIAL FAILURE WITH HYPERTROPHIED HEART REVERTING TO NORMAL SIZE 























| B} 5s Hypertrophy uw | 5 2 | 3 | 
45 22 S/S | 2 leva gs 
= 8S U-Al pe |PS| 8 lSss 
C ise Age |Parity, 9 le s|— —_—_—_____ 7} 08 |o 2/539 38\ ¢ Comments 
0. | 25 \8.| ars | T |Ciini- ‘Be Sas 2| = |§8 &| S | 
95138 wave} cal [SE] 5 /3-5| 8 Age s 
| $a /8 | F 5 5 |e S| & ao £ 
S/o | inver- 19 | 3 ~ | 5 
~ Ws | sion | 3 - ‘S 5 
j(mth.)) = 6) (mm.) | (LV) | | |(mth.) E \(mth.); © 
4 | 25 4 =—% | SIRWS 26 | = + vy : | oa’ 2;-—-| — | 6 | Death from virus hepatitis 
5 oe 3 | 23 | O co of | + 3 3 | 5 |48|—] FT | 53] on — 
6 6 6 2 0 + + le} 3 9); —| 24* | 14 ysterotomy 
pa oe FRR) SE eet eee ca 
g 1 + | + | 4 11 20; +t} — | symptomatic cardio- 
| | megaly 
9 | 25 1 1 15 | RV6 32) + i 5 12 | 24) — | 2st | 36 | {Spontaneous abortion. 
Further F.T. 
Pregnancy and C.C.F. 
after survey completed 
0|2 6 10 | ' | RVs 30; — + 4 4 6\;— — | 10 — 
1/27| 7 24 SVi 31| — | + | 4] 13 | 12] —| _5§ | 25 | § Spontaneous abortion 
2133} 3 244 0 RV6 30, + + a 5 |10| —| FT | 15 | {| S.B. twins. Same patient 


| as Case 19. Recur- 
| | rence and death 





completely in 3 to 12 months. Three of these were well 9, 24* and 48 months later, but a fourth 
died of virus hepatitis two months after recovery. Three of the seven had further episodes of dif- 
ferent kinds. One developed an asymptomatic increase in heart size (c.t.r. 0-52) at 20 months, and 
another developed heart failure after 10 months. A third had a fatal recurrence after a subsequent 
pregnancy. (This case is also included among the fatalities.) In the remaining two patients 
recovery was not quite complete. The heart size became normal again, but electrocardiographic 
signs of ventricular hypertrophy persisted. Despite the various complications in these 9 cases in 
which heart size returned to normal, only one, a woman of high age and parity, had a relapse into 
heart failure not connected with a subsequent pregnancy. 
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TABLE VI 
PERSISTENT CARDIOMEGALY FOLLOWING MYOCARDIAL FAILURE 
| ly is lp | - h | i | | 2 | | 
| | = |e is | ypertrophy eS | 
| } SS | 38 | 2 | 1o | Be] » |Eegise3) § 
Case | Age |Parity | os its | 5 ————~—. | 35 |Ss3 | 2 |Be2lsts! Sz 
No. | | 123 | 23} 33 | ors| T |cin-| & | BE) s [FSSERE Ee 
| es | as | Se | | “= o | De ww! 92) 9 
| |g2) GR gs imee| | g [#8 | & (BRRARE Be 
| | - - | | sion | 2 8 | 
| | (th,) | (mth.) | (mth. | (mm.) | (LY) | | (wk.) (mth. (mth.) 
13 | 28 5 | 3 eee +] 1 Sl) - Lod oe oe 
14. | 17 | 1 | 4 34 | 10 |Svi127| + | + 1 10 | — 14**) 10 
56 | 35} 8 | 1 0 | 8 |RVS19} + | + | 2 1 | 2¢ | ee 
16 | 30 s 3 3] @ ihvesS) + | + 2) 4) +/]—|—- 4 
17 40 7 4 2 | O |RV634| + - 1 wi=-i|i—/];=+—+!8 
4 5 |—2 | 0 |RV5S30;} + | + | 1 | 12] + 
| | | 





** Spontaneous abortion. 
+ Hysterotomy following C.C.F. 


* Two months after the follow-up was completed this patient had a normal confinement, and two months after 
that she had a recurrence of heart failure. 
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(2) Persistent Cardiomegaly with Survival—6 confinements (Table VI). Six patients, follow: d 
over 4 to 14 months, had persistent cardiac enlargement with clinical evidence of hypertroph / 
systolic murmurs, or gallop rhythm. Three of these suffered no symptoms during the nine mont 
they were followed but the other three relapsed. 

(3) Persistent Cardiomegaly and Fatal Outcome—S confinements (Table VII). Two patier: 


72) 


wm 


TABLE VII 
EPISODES OF MYOCARDIAL FAILURE ENDING IN DEATH 











| | is | 8 ' = ls 
} } | = Lactation Hypertroph s 2 c 
bead 3S | 85 | (mth) | | ee 
Case | Age |Parity |Twins| y= | ¢= ——--——__—_—__——_ s% |/3e|/ fal Be| sé 
No. 22|83 | After | QRS | T |Clini-| 89 | SB) SE) 2) FE 
oe | as ! pre w. | 8U > O's E S| oe 
| 23 | Sa - ave | ca ry w2s|-=9o/] 5° 
go) Eo |  sent- ‘inver- « 3 E = ro) 
Ae na ing | sion | | lB 
(mth.)| (mth.)| (mm.) | (weeks) | (mth.)/ (mth.) (mth ) 
19*| 34 | 11 4 | 1 6 |RV430; + | + ne et oe a Le | 
20 |38/ 4/ + 4/3 | 3 5 RV526| + | + ‘ie ae en 8 5 
21 | 26} 4 3 | 2 5 |RV623;} + | + l Sc se ee. 
aim 3 2 is 1 |RV629} — | + 2 -— | 3 44 | 34 
23 | 38 | 8 : 13 4 SV1 32} + | + 1 — | § 10 | 9 





* Same patient as Case 12, Table V. 


died suddenly some months after making a satisfactory response, one of them in acute pulmonary 
cedema. A third who had also recovered from heart failure deteriorated and died after a fluctuating 
course. A fourth patient recovered completely from an episode which followed the delivery of 
stillborn twins, but after her next pregnancy she had a fatal recurrence. Heart failure in the fifth 
patient, which followed a twin confinement, also did not respond to treatment and she died five 
months after the onset. 


PROGNOSIS 


Subsequent Pregnancies. Only two of our patients have had full-term pregnancies during the 
follow-up. One woman (aged 22 years, parity 3) had two more children whom she fed at the breast, 
and she maintained normal health. A second (aged 33, parity 10) who had her first episode after 
being delivered of stillborn twins, died in heart failure after her next child. In both these patients 
the fresh conception coincided with a complete recovery which was maintained throughovt 
pregnancy. 

In addition there were three spontaneous abortions between 6 and 22 weeks geStation, and two 
hysterotomies with sterilization at 10 weeks. There was no recurrence, despite cardiomegaly or 
hypertrophy, in these five cases. One patient (aged 41, parity 14) relapsed when she was 4-6 weeks 
pregnant but she had had persistent cardiomegaly. This accords with the relationship of myo- 
cardial failure to the last trimester of pregnancy or the post-partum period and all our evidence 
suggests that early pregnancy does not precipitate failure. With succeeding full-term pregnancie;, 
however, heart failure may or may not recur. 

Age and Parity. In 13 cases in which recovery occurred without relapse, the average age w: s 
28 years and the average parity between four and five. In the remaining 10 in whom the e 
was a relapse or death, the average age was 33 years, and the average parity seven. (One of the a 
was a patient with a second episode; she is included in the first group also for her first episode.) Te 
differences in age and parity are significant (P between 0-01 and 0-02, and between 0-02 and 0-( 3 
respectively). The separate effects of age and parity cannot be distinguished. 

Lactation. The three primipare all recovered in spite of prolonged breast feeding. They w | 
have been protected, to some extent, by youth and low parity. In 20 confinements among the ? 
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iltiparous women 11 suckled their babies for one month or less after presenting in failure; 9 
suckled for longer. Only three of the eleven patients with short periods of breast-feeding suffered 
re'apses or died, as against six of the nine with long periods. Lactation was stopped for thera- 
pc itic reasons in only three patients. Bias in the length of follow-up does not account for these 
fii dings. 

Time of Onset and Medical Care. Complete recovery ensued in the four patients who presented 
in ‘ate pregnancy or within the first two weeks of the puerperium. Time of presentation therefore 
aj oears to be a significant factor in prognosis. Three other patients gave a history of onset of 
s\ uptoms during this early phase; however, in these 3 there was an average delay of four months 
b: ween onset of symptoms and presentation, in contrast with the remaining 20 cases where the 
a\ rage delay was only about three weeks. Two have had persistent cardiomegaly and one died 
al :r a refractory course. Thus, early onset alone did not appear to be associated with any con- 
si ent course, but early onset followed by prompt medical attention seemed to indicate a good 
p! »gnosis. 

Treatment. Bed rest, salt-restriction, diuretics, and digitalis relieved the symptoms of the 
w man in congestive failure. This was not the experience of some previous authors. Relapse or 
d: erioration, however, sometimes occurred despite continued treatment. Recoveries at home 
w h unchanged household routines and diets argued against the effects of diet or of activity after 
ly 1g-in as principal factors in the course of t} e disease. 


oOo - 


PATHOLOGY 


Our necropsy material is limited to three cases, one of which we exclude because of tardy 
ex ‘mination although the findings were much the same as in the other two. The heart of Case 
22 weighed 370 g. and showed left ventricular hypertrophy with dilatation of both ventricles. 
Fiorosis extended 6-10 mm. into the myocardium beneath the numerous thrombi attached to the 
endocardium. The valves and coronary arteries were healthy. Microscopy showed hypertrophy 
and some perivascular fibrosis of the heart muscle. In the endocardium it revealed old and recent 
hemorrhage and infiltration by chronic inflammatory cells; the endocardium was much thickened 
by fibrous or vascular and cedematous connective tissue (Dr. B. A. Bradlow). 

Case 4 died of virus hepatitis two months after clinical and radiological recovery during which 
there were no signs of relapse. Yet at necropsy the heart was still enlarged with dilatation and 
hypertrophy of both ventricles (weight 370 g.; left ventricular wall, 21 mm.; right ventricular wall, 
6 mm.). The myocardium was otherwise normal microscopically, as were the endocardium, 
valves, and coronary arteries. The only histological abnormality was hypertrophy of the muscle 
fibres (Dr. R. Dando). 


DISCUSSION 


Course, Prognosis, and Treatment. The clinical picture is that of congestive failure. Recovery from 
heart failure is usually rapid. Our evidence suggests that if there is no ventricular hypertrophy, which 
was the case in three patients with early onset, the condition is rapidly reversible. If there is hyper- 
trophy, recovery is more gradual; while if cardiomegaly persists, the prognosis is serious. In the only 
comparable follow-up, Meadows (1957) described five patients with persistent cardiomegaly, all of whom 
eventually became chronic cardiac invalids and died, although four had symptomatic remissions lasting 
9 to 28 months. 

Death may occur in an acute episode after symptomatic recovery, or more usually, after a fluctuating but 
intractable course. Five deaths occurred among Meadows’ 15 patients. The higher mortality than in our 
survey could be accounted for by the longer period of observation, which in his series was less than five 
years in only one instance. High age and parity are associated with a poor outlook, and breast-feeding 
continued after the onset probably has an adverse effect. If subsequent pregnancies are allowed to proceed 
to term there is recurrence of the disease in about half the cases. Thus Meadows reported 8 maternities in 
recovered cases, half of which were followed by recurrences. 

Heart failure in our patients responded to the usual measures. In patients with early onset, prompt 
E 
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medical attention was associated with a good prognosis. To relieve failure we therefore used rout ne 
treatment, and even prolonged it in the hope of hastening and maintaining recovery. We would interr pt 
lactation (although this sets a special problem in a community where artificially fed infants often die in he 
first years of life), and we sought to prevent or terminate subsequent pregnancies even in young wom:n. 
Sterilization should be considered in older women of high parity. 

Pathology. Necropsies in three patients revealed cardiac enlargement due to hypertrophy and dila a- 
tion. Jensen (1938) described one similar case, but most of the 16 North American necropsy repc tts 
emphasized dilatation rather than hypertrophy, with weights of 260 to 650 g., a flabby myocardium, antem »r- 
tem thrombi in the chambers of the heart, and some degree of endomyocardial fibrosis. Microscopic chan: es 
were most obvious in the endomyocardium underlying mural thrombi, but other authors mention focal or 
diffuse necrosis of muscle fibres with hemorrhages and moderate infiltration of lymphocytes and mac o- 
phages. One necropsy in South America was similar to these, but in a second Chagas’ disease, and in a th:rd 
miliary tuberculosis was found in the myocardium (Benchimol et al., 1959). 

A&tiology. There are two views of the etiology of this condition. The first is that peri-partum heiurt 
failure is a disease in itself. In favour of this view it is argued that because particular groups of women ire 
susceptible, they are likely to be affected by a particular environmental or constitutional factor, and the:e- 
fore by a specific condition. Thus women who are negroid and living in poor conditions or who are of 
high age and parity or delivered of twins are especially vulnerable. Further support for the concept of a 
specific disease is given by the regular clinical pattern which includes the time of onset, the idiopathic cardio- 
myopathy in otherwise healthy women, the complete recovery in many cases, and the recurrences induced 
by subsequent pregnancy. 

The other view is that peri-partum heart failure is due to physiological stress occurring in all confine- 
ments, but affecting only hearts pre-disposed to failure from whatever cause. The following arguments 
are put forward in favour of this concept. 

First, a number of cases have been reported in which there were possible pre-disposing causes (Freeman, 
1947; Bashour and Winchell, 1954; Silber and Saphir, 1957; Benchimol et a/., 1959) and it is well known that 
rheumatic hearts may fail in the first few days of the puerperium. It therefore appears possible that in a 
number of heart diseases childbearing may precipitate failure in the peri-partum period. 

Secondly, there are divergences between previous series and our own, and also within our series of 
cases. Ventricular hypertrophy was a clinical feature in most of our patients but has hardly been remarked 
previously; at necropsy the flabby myocardium and degenerative changes as described in some American 
cases were not seen. Within our own series also we have been able to differentiate groups by the clinical 
course, by the occurrence of ventricular hypertrophy, and by the persistence of cardiomegaly. 

Thirdly, our cases bear more resemblance to other types of idiopathic myocardial disease in Africans 
than may at first appear. Heart failure of uncertain cause is common in Africans in South Africa (Gil- 
landers, 1951; Altman and Stein, 1956; Grusin, 1957; Schwartz et al., 1958). Rapidly reversible myo- 
cardial failure in men has been described by Grusin (1957). Three patients with hypokinetic circulations 
seemed disti..ct from the remaining thirteen with hyperkinetic circulations and probable beri-beri. These 
three patients may correspond to our group without cardiac hypertrophy who made rapid recoveries. The 
more common cardiomyopathy described as ‘‘nutritional’’ heart disease (Gillanders, 1951) has features 
similar to our group with persistent cardiomegaly and relapsing course. Incidence increases with age and 
the necropsy findings are similar to those reported in our cases of peri-partum failure. Thus peri-partum 
myocardial failure resembles the Gillanders syndrome in its age incidence, in its distribution among negrces 
living in poor social conditions and, when cardiomegaly persists, in its clinical features and course. 

There remain those patients with ventricular hypertrophy and peri-partum failure who made a compk: te 
recovery. Other cardiomyopathies seldom recover. Yet if in our cases the strains of maternity precipit: te 
failure, we may assume that recession of these strains promotes recovery, even in diseased hearts. It 
may also be that some cases of idiopathic myocardial failure in Africans do regress, since we know of 10 
follow-up rigorous enough to rule this out. We might therefore postulate that peri-partum stress preci )i- 
tates failure in cases of idiopathic heart disease that are in the process of development. If this is so, ve 
would expect that where peri-partum failure is found, idiopathic disorders of heart muscle will be fou 1d 
in the general population. This occurs in Johannesburg. Yet among the negroes of New Orleans, wh: re 
peri-partum failure is common, other idiopathic heart disorders are said to be uncommon (Hull, 195). 
The concurrence between peri-partum failure and idiopathic heart disease in Johannesburg may thus >e 
incidental and the question remains open. 

Whatever the cause of peri-partum heart failure, its occurrence among caucusoids and negroids exclu: es 
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an entirely racial origin. The concentration of cases amongst negroes living in poor social conditions and 
in particular cities, and the declining prevalence over the last 20 years in the Charity Hospital, New Orleans 
(Hull, 1959) points to some environmental factor such as the delayed effect of early malnutrition. Incidence 
aid prognosis are connected with age, parity, and lactation; this combination is likely to be related to physio- 
lozical stress. In peri-partum heart failure the onset is later than the phase of greatest hemodynamic 
lcad, and in most cases later also than the post-partum accession of blood-volume. We might therefore 
lcok to metabolic changes, such as the abrupt change from anabolism to katabolism following parturition 
\ acy and Hunscher, 1934; Hunscher et a/., 1935; Hummel et al., 1936). 


SUMMARY 


For the first time in Africa, peri-partum myocardial failure is described. The follow-up here 
r ported comprises 23 episodes in 22 African women in Johannesburg. 

The time relations of the onset of failure and maternity, specifically in the last trimester of preg- 
nancy and in the post-partum period, are established. The condition is seen to be by far the 
commonest type of idiopathic myocardial failure in Johannesburg in African women before the 
rienopause. 

A significant relationship is shown between incidence on the one hand and high parity, high 
c1uldbearing age, and twinning on the other. 

An unfavourable prognosis is significantly related to high age and parity; long-continued 
luctation after presentation and subsequent pregnancies are also seen to have adverse effects. 
Early onset followed by prompt medical attention is associated with a favourable outcome. 

The cases are placed in three groups according to the presence or absence of ventricular hyper- 
trophy and the persistence of an enlarged heart. These groupings have a relationship to prognosis. 

The definition of the syndrome is discussed, and previous reports are reviewed. Similarities 
and divergences are noted between our series and earlier ones, and also between our series and 
other idiopathic cardiomyopathies among Africans. Alternative hypotheses as to etiology are 
formulated. 


We thank Dr. V. H. Wilson for his encouragement, Dr. Geoffrey Wade for much helpful criticism, Dr. Wallace 
Brigden for his comments on the paper, and Dr. I. Frack for permission to publish this material. Dr. Zena Stein 
assisted with the statistical analysis and made many thoughtful contributions. We acknowledge Dr. Michael Haw- 
thorn’s contribution in establishing the Alexandra Health Centre Cardiac Clinic. 
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PULSELESS DISEASE 
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Pulseless disease or Takayashu’s disease is a rare condition characterized by the completc, or 
al aost complete, absence of the arterial pulsation in the upper extremities, and usually in the head 
at 1 neck, due to an obliterative process in the great branches of the aortic arch. Although well- 
ki own by Japanese writers, it has received little attention in this country. The earliest recorded 
cee was that of a woman aged 22 described by Savory (1856). A further example was reported by 
B: oadbent (1875) in a man aged 50 years. Other instances of the disease have been reported from 
tiie to time, some of them being associated with syphilitic aortic aneurysm. Skipper and Flint 
(1952) collected 18 cases of pulseless disease including two of their own, and Ross and McKusick 
(1153) reviewed very fully over 100 cases of what they termed “aortic arch syndromes” with various 
ccmbinations of stenosis and obliteration of branches of the aortic arch due to a variety of causes. 
In the early part of this century, Japanese authors had drawn attention to the relative frequency of 
Takayashu’s disease in their country and Caccamise and Whitman (1952) collected 58 cases from 
Japanese sources. Probably at least one hundred and twenty have so far been described. Since 
1948 five cases of pulseless disease have b2en observed in the Sheffield Royal Infirmary: two 
proved fatal and the post-mortem and histological findings are given here. The clinical features 
of Cases | and 2 have in large part been previously described (Skipper and Flint, 1952). 


Case 1. A man, aged 42, of poor physique, complained in June 1948 of attacks of transient blurring of 
vision and faintness on standing. He once lost consciousness momentarily when tilted backwards in the 
barber’s chair. He had no Jewish ancestry and there was no family history of hypertension. 

Pulsation was absent at both wrists and only barely felt in the left brachial, left axillary, and left common 
carotid arteries. It was absent from these vessels on the right side and from both subclavian arteries. The 
blood pressure could not be registered in either arm. Normal pulsation was felt over the abdominal aorta 
and in the lower limbs. The blood pressure in the right leg averaged 200/130 mm. Hg and in the left leg 
240/140. Clinical examination of the heart and the electrocardiogram were normal. Ophthalmoscopic 
examination revealed no abnormality of the lenses, but there was a visible circulation in the main branches 
of the retinal arteries, the blood flowing slowly and evenly without pulsation. This phenomenon was seen 
particularly when the patient felt faint but was seldom seen in two vessels simultaneously. X-ray examination 
of the heart and lungs and an angiocardiogram were normal but none of the great vessels arising from the 
aortic arch could be traced very far. Biopsies of the left brachial artery at three levels showed no abnor- 
mality. Comprehensive blood and urine examinations revealed no significant abnormality and the Wasser- 
mann reaction was negative. By May 1951 the patient was blind in the right eye with complete cataract 
and the left eye showed incipient lens opacities. Light pressure on the ball of the left eye caused collapse 
and blanching of all the retinal vessels. Apart from the visual defect he remained well and moderately 
active. * 

Addendum. Case 1. This patient died in October 1959, after this paper was first submitted, and at autopsy 
the arterial changes were similar to those in Case 2. The cause of death was carcinoma of the lung. 
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Case 2. A married woman, aged 37, was admitted into Sheffield Royal Infirmary during Febru iry 
1949, complaining of failing eyesight. When training as a nurse at the age of 19 she had noted that her ¢ wn 
pulse was normal. During successive pregnancies in 1936 and 1937 she suffered from frequent trans. :nt 
faintness without loss of consciousness and such attacks continued after the second pregnancy. Recurt :nt 
abdominal pain led to hysterectomy in 1944, this being immediately followed by severe headaches : nd 
thirteen days later by right hemiplegia. Simultaneously she became practically blind, but vision returnec in 
a week and the hemiplegia slowly recovered, although the headaches continued. In 1947 the vision in ier 
right eye began to fail for increasingly longer periods and in November 1948 she lost the vision in both e ‘es 
for several hours. Thereafter her eyesight deteriorated steadily with frequent periods of blindness, and he 
fainting attacks became much more severe, causing her to fall many times each day. Her doctor was una dle 
to feel her pulse or to record her blood pressure. She was a light smoker and had no known Jew sh 
ancestry. 

Her general condition and colour were good and her intelligence average; weight 7 st. 12 lb. (49-9 k;.). 
Pulsation could not be felt in the arteries in the neck or arms and the blood pressure could not be measui 2d 
inthe arms. Pulsation in the abdominal aorta and femoral arteries was strong and the blood pressure in the 
legs was 150/90 mm. Hg. Many collateral pulsating vessels could be felt over the back of the chest, a bruit 
being heard over several. A loud continuous murmur, most pronounced in systole, was present just above 
the inner end of the left clavicle. Peripheral skin circulation was normal. The heart, lungs, and abdomen 
were normal clinically. 

The patient’s vision was poor, and both fundi showed many exudates, hemorrhages, and considerable 
venous engorgement, with segmentation of the circulating blood in the veins. At the base of each iris, 
in the position of the contraction groove, was a newly formed circular vessel. The pupils were dilated, and 
did not react to light or accommodation. Examination of the nervous system was normal. Cardiograms 
and X-rays of the heart and lungs were normal except for the presence of small bilateral cervical ribs. The 
cerebrospinal fluid was normal and the Wassermann reaction was negative in it and in the blood. The 
urine contained no abnormality and renal efficiency tests and an intravenous pyelogram were normal. A 





Fic. 1.—Case 2. The site of the aortic coarctation. Note the aneurysmal dilatation of the ascending 
part of the arch. 
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od count showed a mild hypochromic anzmia, the hemoglobin being 68 per cent. The corrected E.S.R. 
introbe) was 30 mm. in 1 hour. An angiogram carried out via the left common carotid showed good 
ng of the cerebral vessels. Portions of the right radial and left temporal artery were excited: these 
sels appeared to be smaller than the average, but their lumina were patent and no pathological changes were 
nd in their walls. 

By September 1949 this patient was blind, bilateral cataracts having formed with atrophy of each iris 
| ciliary body. The peripheral iritic vessels were now replaced by a pigmented fibrous ring around the 


°e of the iris in each eye. There was degenerative keratitis in the left eye, with superficial vascularization. 


2 headaches continued to be severe, but the syncopal attacks decreased in frequency. A year later inter- 


n tent claudication began to make walking difficult. Arterial pulsation below the thighs became difficult 


eel and it was not possible accurately to record the blood pressure in the legs. Other symptoms were 
zastric and precordial pain, unrelated to exertion. The cardiogram remained normal. A barium meal 
1954 showed no evidence of ulcer. The hemoglobin fell to 50 per cent but the anemia responded to 
1 therapy. In June 1956 she developed a urinary infection which was quickly fatal. 


Necropsy Findings: Cardiovascular System. The heart (360 g.) showed slight hypertrophy of the left 
tricle (1-4 cm. thickness) but it was otherwise normal. There was a small soft atheromatous area on the 


1 ‘erior cusp of the mitral valve but the coronary arteries were healthy. There was moderate dilatation 


the ascending aorta, the circumference being 6:5 cm. at a point 3-5 cm. above the aortic valve (Fig. 1). 
ere was considerable intimal scarring and contraction at the sites of origins of the great vessels, and the 
ominate and left common carotid arose from acommon root. Immediately distal to the vessels there was 


| area of coarctation 1-5 cm. long, where the circumference of the aorta was 2-5 cm. Distal to this the 
i.cumference was normal (5cm.). Very little atheroma was present in the thoracic portion, but the intima 


owed fine wrinkling in addition to the scarring round the branches; in the abdominal aorta there was 
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Site of coarctatior— 


The Extent of ObstFuction of the Great Vessels. 


Fic. 2.—Case 2. Drawing showing the extent of the obliterative process. 
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Fic. 3.—Case 2. Cross-sections of the great vessels immediately distal to their 
origins. The innominate orifice is on the left (x 2). 
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oxylin and eosin ( x75). 





Fic. 4.—Case 2. A section of the left common carotid Fic. 5.—Case 2. A section showing detail of the 
artery immediately distal to the origin, showing adventitial thickening of the previous figure. 
intimal and adventitial thickening. Hematoxylin There is focal lymphocytic infiltration at the 
and eosin (X11). periphery and close to the media. Hemat- 
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cytic infiltration. 


striking change was the great increase in depth of the 
adventitia (Fig. 4) which was composed of concen- 
trically arranged laminz of acellular collagen. There 
were many focal infiltrations of plasma cells and 
lymphocytes in relation to small blood-vessels, 
principally at the periphery of the adventitia, and at 
the junction of adventitia and media (Fig. 5). These 
histological changes were most severe proximally, 
and gradually diminished in extent peripherally. No 
giant-cells were seen. The elastic tissue consisted of 
tightly-waved bands of greater than normal density 
and thickness and were interrupted here and there by 
small areas of fibrosis (Fig. 6). The media of the 
affected portions of the arteries were of normal thick- 
ness, but showed a complete absence of stainable 
muscle fibres and no cellular infiltration (Fig. 7 and 
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uch atheroma with calcification and patchy ulceration beginning at the level of the diaphragm and extending 
the bifurcation. White firm concentric intimal thickening at or close to the orifices of the innominate and 

he left common carotid arteries almost occluded these vessels. The orifice of the left subclavian admitted a 
mm. probe which could be passed with difficulty through the stenosed proximal 4 cm. of the vessel which 

| ereafter became progressively larger and seemed normal at the site of origin of the left vertebral artery 
ig. 2 and 3). 


Alimentary System. The stomach showed two small chronic ulcers on the anterior and posterior walls 
the pylorus respectively. Genito-urinary System. The left kidney (wt. 100 g.) was hypoplastic and there 
sre two small cortical abscesses in its upper pole. The right kidney (wt. 300 g.) was moderately enlarged, 

cut surface showing a number of scattered abscesses. Central Nervous System. The surface of the 
ain showed a sunken area in the left fronto-parietal region, the cut surface revealing this as an area of 
ownish softening. Elsewhere the brain appeared normal and the vessels of the circle of Willis were 
althy. 


Histological Findings: Aorta. In the ascending portion of the arch there was moderate patchy intimal 
ickening consisting of fibrinoid and fibrous tissue. In the transverse and descending portions, this thicken- 
g was uniform and of moderate depth and in a few 
aces where the structure was loose and reticular, an 
>casional imprisoned hemosiderin-laden macrophage 
as seen. No section showed any stainable muscle 
iroughout the media of the thoracic aorta, but the 
astic tissue appeared normal in amount and form. 

(he adventitia was normal apart from a small area 
cf thickening close to the origins of the great vessels 
\ here there were also a few small areas of lympho- 


Great Vessels. At their sites of origin, the most 


8). The narrowed lumina of the vessels had resulted 
from an intimal thickening consisting mainly of hya- 
line collagen, and in some areas the lumen appeared 
to owe its existence to a recanalization of an occlu- 
sion. Close to the media, the fibrous texture was Fic. 6.—Case 2. A section of the left common 
looser and showed numerous small capillary blood- carotid artery orifice, showing the dense elastic 
vessels and slight patchy lymphocyte and plasma cell fibres and an area of medial fibrosis. Wan 
ee . : Gieson and Verhoeff ( x 75). 

infiltration. Here and there a small imperfectly 

formed muscular artery was seen, No _lipoid 

appeared in specially stained sections. 
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Fic. 7.—Case 2. A section of the media of the Fic. 8.—Case 2. A section of the media of the 
innominate artery, showing absence of muscle innominate artery from a control patient of the 
fibres. Masson’s trichrome stain. same age and sex, showing numerous deeply stained 

muscle fibres. Masson’s trichrome stain ( x 700). 


Case 3. A miner, aged 46, had worked in the pit since the age of 14 years. He was a light smoker, had 
no known Jewish ancestry, and had had no serious illnesses. He was admitted to hospital in August 1956 
with phlebitis of the legs and pulmonary embolism. Histological examination of an excised segment o* 
femoral vein showed only organizing thrombosis. A few months later he developed intermittent claudi 
cation in the right leg and no pulsation could be felt below either femoral artery. The radial pulses wer« 
palpable and the brachial arterial pressure was 130/90. During the summer of 1957 he complained o° 
‘* bright flashes’’ in front of his eyes and experienced occasional transient diplopia. Intermittent claudicatior 
was now present in both legs and he suffered from cramp-like pains in the arms when digging. In Octobe 
1957 he was again in hospital with severe retro-sternal pain of two days duration associated with transien 
right hemiplegia. The blood pressure was unobtainable in the right arm but was 120/90 in the left. Despit 
the absence of cardiographic abnormality he was treated for coronary thrombosis. 

When admitted in January 1958 for further investigation, no arterial pulsation could be felt except in the 
femoral arteries where it was feeble. The blood pressure was unrecordable in all limbs. A systolic brui 
could be heard above the right clavicle but no anastomotic circulation could be felt. The arms were pak 
and no hyperemia could be induced in them in the dependent position. The legs showed evidence of arteria 
insufficiency with Lewis’ test. No trophic changes were evident in any limb. A further cardiogram wa 
unchanged, and no rib notching could be observed in chest X-rays. Ophthalmoscopy revealed nothin; 
abnormal, the visual fields were full, and visual acuity was L. 6/9, R.6/6. The only objective abnormality it 
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vo days later the patient developed a left hemiplegia which was quickly fatal. 
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The Extent of Obsttuction of the Great Vessels. 


Fic. 9.—Case 3. Drawing showing the extent of the thrombosis. 
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the nervous system was an extensor plantar response on the right side. Blood examination showed 120 per 
cent hemoglobin and a slight leucocytosis (12,000 per cu.mm.). The platelet count was 300,000 per cu. mm. 
(Lempert) and the bleeding and coagulation times were normal. The corrected sedimentation rate (Wintrobe) 
was 18 mm. in 1 hour. No L.E. cells were seen in the peripheral blood. The blood urea was 26 mg. per 


The right side of the neck was explored under general anesthesia. The common carotid and external 
rotid arteries appeared somewhat smaller than normal and were yellowish in colour. No pulsation could 
felt in them and only a small quantity of blood was obtainable on puncture of the former vessel. 
nominate artery, which was followed downwards digitally almost to the aorta, was also pulseless. 
lsation could be felt in the external carotid, which was later found to be normal on histological examination. 


The 
No 


Necropsy Findings: Cardiovascular System. The heart (470 g.) was slightly enlarged due to hypertrophy 
2 .d dilatation of the left ventricle, the wall of which was 1-7 cm. in thickness. The other chambers, the 
\ .lves, and muscle were normal. The coronary arteries showed patchy atheroma but no occlusion. 
arta was of normal calibre throughout; the ascending thoracic portion showed an ovoid atheromatous 
f aque, measuring approximately 2x 1 cm., situated just distal to the orifice of the right coronary artery. 
/ atemortem red thrombus was firmly attached to this plaque and from it ribbon-like filamentous extensions, 
| ing free in the aortic lumen, passed proximally through the aortic valve and, distally, to join with a 
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cylindrical mass of firm red thrombus, which lay closely applied to and occluded the origins of the great vesse s 
into which it sent propagations (Fig. 9 and 10). Apart from a number of small atheromatous button-li) e 
lesions at the orifices of the vertebral arteries, the thoracic aorta was elsewhere normal. Distal to the orific s 
of the ceeliac axis and renal arteries, there were several ulcerated atheromatous plaques to which red throm |i 
were attached. Firm red thrombus completely occluded the innominate, the left subclavian, and the orig 1 
of the left common carotid artery, and extended as shown in Fig. 9. The cut surfaces of these vesse s 
showed patchy yellowish atheroma in the walls. 





Fic. 10.—Case 3. The heart, thoracic aorta, and great vessels, showing the thrombotic 
plug occluding the great vessel orifices ( x 3/4). 


On removal of the brain, firm red thrombus protruded from the severed end of the right middle cerebral 
artery and there was complete thrombosis of this vessel and its branches. There was slight patchy atheroma 


of the basilar artery, and the right vertebral artery was considerably larger than the left. The remainder of 
the circle of Willis appeared normal. The peripheral arteries of the arms and legs also showed areas of 


thrombotic obstruction. These were situated in the right brachial artery and in the right femoral and pop- 


liteal arteries where a segment of pale firm thrombus occluded the femoral artery from the origin of the 
profunda femoris branch and extended well into the popliteal artery. The superficial and deep veins of 


the legs showed no apparent abnormality, with the exception of the left popliteal vein which was occlude« 
by pale firm thrombus. 


Genito-urinary System. The kidneys (340 g. together) showed areas of old and recent infarction, ove 


which there were fibrous capsular thickenings and adhesions. The ureters, bladder, and prostate wer: 


normal. 


Central Nervous System. The brain showed a large area of injection and softening in the right hemispher 
involving the corpus striatum and corpus callosum. There was evidence of pressure coning around th 
base of the cerebellum. 


Histological Findings: Aorta and Great Vessels. There were numerous typical atheromatous intima 
plaques (Fig. 11) and many showed thrombus deposition and integration. Frozen sections from thes 
areas confirmed the presence of abundant sudanophilic material. The muscle fibres and elastic tissue i 
areas remote from atheromatous plaques appeared normal. Fibrous adventitial thickening was presen 
only in the left subclavian artery, but small adventitial perivascular collections of lymphocytes and plasm 
cells were seen also in sections of all the vessels where atheroma and thrombosis co-existed. 
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Fic. 11.—Case 3. A section of the distal portion of the innominate artery, 
showing extensive intimal atheroma. Hematoxylin and eosin (x65). 


Right Middle Cerebral Artery. Lying free in the lumen there was partially organized laminated thrombus. 
The intima, media, and adventitia showed no intrinsic lesion and the thrombus might well have been of 
enibolic origin. 


Peripheral and Visceral Arteries. Atheromatous lesions were widespread and advanced, particularly 
in the renal interlobular arteries and also in the coronary arteries although there was no evidence of myocar- 
dial fibrosis. 


Left Popliteal Vein. There was complete occlusion of the lumen by fibrous thrombus in an advanced 
stage of organization but the media and adventitia showed no inflammatory change or fibrosis. 


Case 4. A married woman, aged 28, was admitted to hospital with anxiety symptoms in March 1958. 
During the latter part of her fifth pregnancy, a year previously, she had begun to experience severe headaches, 
partial black-outs, weeping fits, and generalized paresthesiz, but had never lost consciousness. Five months 
before admission the brachial arterial pressure had been 100/60. 

On examination no arterial pulsation was discoverable in the arms and it was not possible to record the 
blood pressure in them. Pulsation was present over the upper portions of both carotid arteries and above 
the right clavicle, where a loud systolic bruit was audible, but no other pulses were felt in the upper part of 
the body or on the head. Arterial pulsation was normal in the lower limbs and the blood pressure in each 
was 280/180. The fundi were normal and visual acuity unimpaired. There were no other significant 
clinical or radiological features, and comprehensive blood, urine, and serological investigations showed no 
abnormality. It was thought that the symptoms were referable to an anxiety state and not to pulseless 
disease. 


Case 5. Aman, aged 69, became depressed after his wife’s death in 1949 and attempted suicide in 1954. 
He was treated by electro-convulsive therapy and eventually by pre-frontal leucotomy. In April 1958 it was 
noted that his radial pulses were absent. At examination in the following months the brachial arterial pres- 
sure could not be measured, arterial pulsation being absent in both arms and axilla. A systolic murmur 
was heard above the right clavicle. The blood pressure in the legs was 220/145. The E.S.R. was 30 mm. in 
1 hr. A chest X-ray was normal and comprehensive laboratory tests of the blood and urine and serum 
showed no significant abnormality. As in Case 4, it was thought that the vascular abnormalities were 
causing no symptoms. 
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DISCUSSION 


AEtiology. In pulseless disease, whatever the underlying pathology, an occlusive process occi rs 
in the great branches of the aortic arch, commencing at, or just above, the orifices of these vessels a id 
extending along their walls for a variable distance. Usually the occlusion occurs symmetrically a id 
is slowly progressive, but sudden complete blockage of an artery may occur from thrombos s. 
The aetiology may be syphilitic aortitis, non-specific arteritis, atheroma, or congenital anomal es 
of the aortic arch branches. 

Syphilitic Aortitis. Ross and McKusick (1953) considered this the commonest cause wh le 
Skipper and Flint (1952) found evidence of it in 9 of the 18 cases collected by them. The orific 2s 
of the aortic arch branches are involved in the granulomatous process which has been also demo 1- 
strated in the proximal portions of the vessel walls. In several instances glove-like projections of 
ante-mortem clot within an aneurysm have been found extending into and occluding the vesse s. 
Such a case was described by Shikhare (1921). 

Non-specific Arteritis. Cases 1 and 2 and probably Case 4 belong to this group. Japanese 
authors have stressed the preponderance of young women in their cases; of the 58 collected by 
Caccamise and Whitman (1952) the sex was mentioned in 44 and of these 39 were women with an 
average age of 23 years: syphilis was not mentioned as a possible cause but syphilitic aortitis 
would be rare in women of this age. The pathological details in this series are too scanty to be of 
value. Chronic granulomatous changes, similar to those found by us were reported in a poorly 
documented paper by Shimizu and Sano (1951) who had observed 8 cases since 1937. Four 
examples in women were individually described by Beneke (1925), Harbitz (1926), Frévig and Léken 
(1951) and by Barker and Edwards (1955). In all, the extent of the arterial obstruction and the 
histological features closely resembled those of Cases | and 2. ° 

There is insufficient evidence to allow the exact pathology of this form of pulseless disease to be 
defined; its close histological similarity to other types of arteritis, notably to temporal arteritis or 
** giant-cell arteritis”’ is evident. We did not observe giant cells in our cases but they were described 
by Shimizu and Sano (1951) and by Harbitz (1926). Certain histological similarities to polyarteritis 
nodosa and to Buerger’s disease may also be noted. In none of these forms of artéritis, however, 
does massive, symmetrical arterial occlusion occur, and their clinical features are quite 
different. 

Atheroma. That atheroma alone may, rarely, be the cause of pulseless disease was suggested by 
Marinesco and Kreindler (1936) and by Sen Gupta and Ghosh (1957), both of whom found severe 
atheroma of the aortic arch and of the stenosed arteries, the latter containing organizing thrombi. 
Atheroma may also play a part in producing the obstruction when it complicates syphilitic aortitis 
as stressed by Cohen and Davie (1933). In Case 2 although severe atheroma was present in the 
abdominal aorta, it was minimal in the thoracic portion. On the other hand, Case 3 displayed the 
typical features of uncomplicated atheroma with thrombosis and there was no suggestion of any 
superadded inflammatory lesion. Atheroma was presumed to be the cause of the arterial 
obstruction in Case 5 also. 

Congenital Anomalies.  n Case 2 the innominate and right common carotid artery arose from a 
common root. An identical anomaly was noted by Frévig and Léken (1951) while Cohen ard 
Davie (1933) demonstrated a common origin of the left common carotid and left subclavicn 
arteries. Broadbent (1875) mentioned that in his case the orifices of the innominate and the Iecft 
common carotid were unusually crowded together, while the left vertebral artery arose from tlie 
aortic arch close to the origin of the left subclavian, narrowing the orifice of the latter. Such 
anomalies may play a subsidiary part in the causation of the arterial obstruction when inflammato y 
or atheromatous changes are present. The true congenital malformations of the arch such 1s 
coarctation and patent ductus arteriosus are not among the causes of pulseless disease and \'¢ 
regard the moderate degree of coarctation in Case 2, which has not hitherto been described in tI is 
disease, as coincidental. It was presumably the cause of the poor circulation in the lower limbs 
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SYMPTOMATOLOGY AND CLINICAL FEATURES 


The predominating symptoms are cerebral and ocular, and their severity is dependent upon the 
dezree of carotid obstruction. The disease may cause no disability, as in Cases 4 and 5, when the 
ce ebral circulation is unimpaired. Vertigo and syncopal attacks, especially in the erect posture, 
ar common and the patient may assume a bowed position when sitting that, together with facial 
pe lor and listless expression, tends to give a characteristic appearance. Ross and McKusick 
(1 53) stated that pressure over the carotid sinus produced syncope in seven instances. Severe 
he adache is frequent, and hemiplegia and aphasia due to cerebral ischemia or infarction have often 
be sn described. The ocular manifestations have been ably summarized by Paterson (1957). Tran- 
si at blurring of vision, often accompanied by faintness, may be the earliest symptom of the disease. 
ter, progressive diminution in visual acuity occurs. A characteristic and early ophthalmoscopic 
ding is “‘sludging”’ or “‘snail-tracking’’ observable in the retinal vessels due to aggregation of 
rc | blood cells as the circulation slows. Ferguson (1951) described this phenomenon in Cases | and 

Light pressure upon the eyeball may halt the retinal blood-flow. Other changes include a 
eath-like arterio-venous anastomosis around the papilla, and retinal exudates and hemorrhages 
(( ase 2) and venous or arterial thrombosis. An important complication is the rapid formation of 
c: -aract (Cases | and 2). It was present in 7 of the 18 cases collected by Skipper and Flint (1952) 
a d was bilateral in two of them. 

There may be ready fatiguability of the jaws or of the upper limbs (Case 3) but trophic changes in 
tl 2 latter do not occur. Rarely, perforation of the nasal septum, collapse of the bridge of the nose, 
o atrophy of thefacial bones may be present. In the early case described by Savory (1856) slough- 
ir.g of the left parietal region eventually exposed the cerebral hemisphere. 
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THE CARDIOVASCULAR ANOMALIES 


When the blood flow through both carotid arteries is grossly impaired, the cerebral circulation 
is maintained chiefly through the vertebral arteries which, as a rule, arise from the subclavians distal 
to the obstruction. Ifthe vertebral arteries become occluded it would seem that sufficient cerebral 
circulation cannot be maintained to support life. Thus Harbitz (1926) found complete obstruction 
of the right and partial obstruction of the left vertebral at autopsy and in Case 3 the proximal portion 
of the left vertebral was thrombosed. 

The blood pressure is either unrecordable or very low in the arms, circulation through which is 
maintained by anastomotic channels similar to those concerned in coarctation of the aorta. As 
demonstrated by Frévig and Léken (1951) and by Mengis et a/. (1958) the flow in the anastomotic 
vessels is from below upwards. As in coarctation, anastomotic vessels may sometimes be felt 
pulsating over the back (Cases 1, 2, and 5) and rib-notching may be demonstrated radio- 
logically. A common clinical sign noted by several observers and by us in four of our five cases, 
is a systolic murmur above one or other clavicle, presumably produced in an anastomotic vessel. 
Except in syphilitic or atheromatous patients the heart is usually normal clinically though retro- 
sternal discomfort may occur. In the 64-year-old woman described by Barker and Edwards (1955) 
death ensued from cardiac infarction though the coronary arteries were healthy except for narrow- 
ing of their ostia. 

In contrast to the brachial hypotension, the blood pressure in the legs is usually raised and may 
reach a high level (Cases 1, 4, and 5). The cause of this is quite unknown. Rarely, the pulses may 
be absent in the legs (Case 3) as described by Bustamente et a/. (1954) in two men, aged 51 and 52 
years respectively; the obstruction was thought to be arteriosclerotic. 


DIAGNOSIS 


The absence of pulse in the arm makes diagnosis easy in fully-developed cases, but difficulty 
may arise in the early stage of the disease when the pulse may be absent in one arm only. Differenti- 
ation must then be made from aberrant radial artery, thoracic outlet compression syndrome, 
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dissecting aneurysm, high coarctation of the aorta, embolism, and localized arterial thrombosis of 
indeterminate origin (Learmouth ef a/.). Apart from the more obvious diagnostic procedures si ch 
as screening of the chest and serological tests for syphilis, serial angiograms are of value in 
demonstrating the obstruction. Ross and McKusick (1953) recommend aortography and ret) o- 
grade filling by contrast medium of the affected arteries to determine the peripheral extent of 
the stenosis, but these procedures are not devoid of risk. 


PROGNOSIS AND TREATMENT 


In general, the prognosis is poor, and the course is usually one of steady deterioration, progressi /e 
blindness, and death from cerebral infarction. It appears to be worse in syphilitic and arteri- 
sclerotic cases, with their accompanying hazards, than in the non-specific arteritis type affecti ig 
principally young women in which moderate activity may continue for several years (Case _). 
According to Kalmansohn and Kalmansohn (1957) the duration of life from the onset of symptor is 
varies from 14 to 14 years and Jervell (1954) and Ask-Upmark (1954) record patients alive 14 years 
after the initial symptoms. It is not surprising that little is known of the therapy of this rave 
disease. Lampen and Wadulla (1950) and others noted improvement in the pulse in syphilitic 
cases with anti-syphilitic treatment, and by analogy with temporal arteritis the steroids are wortliy 
of trial in younger patients when it is concluded that non-specific arteritis is present; Gibbons and 
King (1957) reported symptomatic improvement with cortisone therapy and we think this is most 
likely to prove successful when the E.S.R. is high and the disease is in its early stages. Anti-coagulant 
therapy has proved disappointing. 

The various surgical measures recommended include denervation of the carotid sinus, cervical 
sympathectomy, thrombectomy, and reconstructive operations. As the arterial obstruction is 
strictly segmental and rarely extends beyond the bifurcation of the carotids and the supraclavicular 
portion of the subclavian arteries, it may be possible, in certain instances, to restore the continuity 
of the arterial circulation by nylon grafts (De Bakey et al., 1958). 


SUMMARY . 


Pulseless disease is due to an obliterative process in the great branches of the aortic arch and 
five cases of this rare disease are described. Two of these proved fatal and the necropsy and histo- 
logical findings are given. In one of them, the cause was considered to be non-specific arteritis; in 
the other atheroma. The etiology of pulseless disease may be syphilitic arteritis, non-specific 
arteritis, or atheroma. Non-specific arteritis is the usual cause in young women. The possibility 
that congenital anomalies of the origins of the aortic arch branches may play a part is also discussed. 
The symptomatology, cardiovascular anomalies, diagnosis, prognosis, and treatment are described. 


Our thanks are due to Professor D. H. Collins for helpful advice, to Dr. R. S. Weetch for permission to publish 
Case 3, and to the Editor of the British Medical Journal for allowing us to reproduce much of the clinical description 
of Cases | and 2. We are also indebted to Mr. A. S. Foster for the drawings. 
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To the unspecialized reader concerned with management of the cedema of disease, the rapid 
accumulation of proven influences on the renal regulation of extracellular electrolyte content and 
fluid volume may pose a problem in integration. This presentation does not constitute a compre- 
hensive review (Smith, 1957; Grossman, 1957) but rather a summary of present understanding of a 
homeostatic mechanism, the existence of which is receiving tentative acceptance. This mechanism 
appears to operate primarily by correcting variations in the content of the intravascular compart- 
ment of extracellular fluid volume. Secondary changes in the same direction will normally occur 
almost concomitantly in the interstitial fluid compartment, which must be thought of as essentially 
continuous with the intravascular space. Exchange and distribution of fluid between these two 
compartments are chiefly determined by hydrostatic and colloid osmotic pressure differences and by 
capillary permeability. The latter factors may be grossly altered by disease but can play no active 
role in governing the overall volume of extracellular fluid in the normal state. 

The work of Verney (1947, 1957) has already established the features of another mechanism 
evolved to maintain the constancy of osmotic pressure of body fluid. One may now visualize the 
sequence of events following water loading as a reduction in plasma osmotic pressure causing osmo- 
receptors in the anterior hypothalamus to reduce the secretion of antidiuretic hormone via the posterior 
pituitary gland, thus leading to a reduced renal tubular reabsorption of water and a consequent 
diuresis. This renal response corrects both the reduced osmotic pressure and the increased volume. 
The opposite situation, ingestion of a strongly hypertonic solution, leads to a retention of water by 
the kidney and to increased water intake which, although effective in returning osmotic pressure to 
normal, do so by enlarging extracellular fluid volume. This volume increase, like that produced by 
ingestion or infusion of isotonic solution and, on the other hand, the reduced volume followi 1g 
hemorrhage are, in fact, followed by other appropriate renal responses that operate to restcre 
normal volume. For some years the acceptance of a classical reflex mechanism to regulate blond 
volume has been delayed by refuge taken in the simpler view that increased blood volume must le id 
to increased renal blood flow and hence to greater renal output. An automatic regulating device is 
thus provided. The evidence is commonplace, however, that glomerular filtration rate does rot 
necessarily vary with renal blood flow or with blood pressure. Even admitting the probability tl at 
tubular reabsorption may be influenced by renal hemodynamic changes affecting the concentrati ig 
mechanism (Goodyear et al., 1958; Gottschalk and Mylle, 1959), the evidence that extrarenal fact: rs 
are involved is now overwhelming. A logical approach to the understanding of a reflex mechani: m 
for regulating blood volume would be a search for the classical components, a sensory limb ‘o 
register volume, integrating and effector centres, and finally the effector systems operating to rest¢ re 
to normal the signals from the sensing device. 
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REGULATION OF BLOOD VOLUME 


THE VOLUME RECEPTORS 


Receptors that could be expected to respond to changes in filling volume of the cardiovascular 
y tem might be located in the low pressure circulation or in the high pressure circulation. One of 
th» early pieces of evidence pointing to a thoracic location of volume receptors was provided by 
S: auss et al. (1951), when they reported that ingestion of 2000 ml. of normal saline was followed by 
a orompt diuresis only if subjects were recumbent: subjects who remained upright retained the saline 
lc dover many hours. They concluded that the shift of blood volume toward the thorax, on lying 
d wn, stimulated receptors there that initiated the renal response. Later Gauer et al. (1954), 
d ring a study of negative pressure breathing in the dog, noted that a moderate diuresis usually 
a :ompanied this procedure, one that is known to shift blood from the peripheral vasculature into 
| : thoracic viscera. Reasoning that the responsible thoracic receptors should be found in the most 
d tensible portion of the cardiovascular system, the low-pressure side, Henry et a/. (1956) performed 

yeriments in which distension of a balloon in the left atrium led to a prompt and largediuresis. 

is renal response could not be evoked by pulmonary vascular engorgement achieved by constric- 
_ n of the pulmonary veins, a manceuvre that could be expected to produce similar effects on the 
eater circulation. The diuretic responses to both negative pressure breathing and left atrial 
tension were usually prevented or much reduced by cold block of the vagus nerves. Henry and 
arce (1956) then showed that left atrial stretch receptors, the vagal activity of which was clearly 
1 scribed in the cat by Paintal (1953), did respond in the dog with strikingly increased activity during 
rial balloon distension but with only a modest increase in discharge during negative pressure 
b-eathing. The evoked diureses consisted of increases in water output without significant alteration 
i: electrolyte excretion, a feature also of the diuretic response to similar negative pressure breathing 
ir the human subject (Sieker et a/., 1954). Atrial stretch receptors, which have also been found in 
the monkey (Chapman and Pearce, 1959), an upright primate like man, do then seem to provide at 
least one set of ‘“‘volume receptors”’ responsible for reflex changes in urine volume seen to follow 
biood volume expansion. 

If atrial receptors constituted the only volume receptors, section of the vagus nerves should pre- 
vent the renal response to physiological expansion of the blood volume resulting from infusion into 
the circulation of isotonic plasma substitutes and of whole blood (Zuidema et al., 1956). Such was 
not the case in the experiments of Atkins and Pearce (1959) and Pearce (1959), in which vagotomy 
usually reduced, but failed to prevent, the diuretic responses in dogs to infusions of bovine albumin 
solution in saline or of plasma. These renal responses, like those described earlier in human subjects 
by Welt and Orloff (1951), included a natriuretic component, not seen when the volume expansion 
was limited to the thoracic viscera. Hence receptors in addition to those in the cardiac chambers 
had to be involved. Other regions of the low pressure circulatory system seemed unlikely sites for 
these additional receptors, as engorgment of the limb veins with tourniquets (Judson et al., 1952), 
cephalic veins (Fishman, 1953) and abdominal veins (Davis, et al., 1956) has in each case been shown 
to reduce urine flow or electrolyte excretion or both. Epstein (1956) has proposed that receptors 
in the high pressure circulation must contribute to the regulation of blood volume. Although 
combined denervation of the carotid sinuses and vagotomy failed to prevent the diuretic and natri- 
uretic response to infusion of bovine albumin solution (Pearce, 1959), Bartter and Gann (1959) have 
recently reported experiments that clearly implicated a third buffer nerve (Gann and Bartter, 1959), 
the common carotid, in the regulation of urinary sodium output. This nerve, described first by 
Green (1953), arises in an arterial baroreceptor zone near the origin of the thyroid artery from the 
common carotid, and as it joins the nodose ganglion of the vagus it could escape the combined 
denervation procedures described above. Bartter’s experiments show that reduced stimulation of 
the common carotid baroreceptors, which could result either from a fall in mean arterial pressure or 
in pulse pressure, leads to an increase in secretion of aldosterone and a consequent decrease in 
urinary sodium output. Although changes in mean arterial pressure associated with alterations in 
cardiac output following physiological changes in blood volume are not large or sustained (because 
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of the regulation of vasomotor activity which is the primary function of the baroreceptors), var a- f 
tions in pulse pressure do persist. The implications of Bartter’s findings in the regulation of ald: s- lyte. 
terone secretion in congestive heart failure, where the cardiac output is usually reduced and hence a 30 cont 
the pulse pressure, will be referred to later. sc tut 
Bartter and his colleagues (Mills et a/., 1958) also showed that the rise in secretion of aldostero ie ard 
that followed constriction of the inferior vena cava, a manceuvre that would not only redt-:e fc'lo 
cardiac output but also deprive the thoracic viscera of normal filling volume, did not depend on t ie Ath 
integrity of the vagus nerves. The return to normal of the aldosterone level following release of t ie ir ore 
constriction did, however, depend on the presence of intact vagus nerves. Although it is difficult it FF 10d 
this time to assess the effect: of the tachycardia of vagotomy on the arterial pulse pressure, these p rt 
observations, associated with those of Anderson et a/. (1959) that mechanical stretching of the rig it I 
atrium resulted in a lowered aldosterone secretion, suggest the following concept. The receptors >f e al 
the high pressure system appear to initiate the liberation of increased quantities of aldosterone n ( ar 
response to a decreased pulse pressure, a reflection primarily of stroke cardiac output. On the other 1 54 
hand, the receptors of the low pressure system, while not concerned in the stimulation of increascd it ore 
aldosterone output, appear to participate at least in the return to normal of a raised rate of © itp 
secretion when normal thoracic blood content is restored, or to reduce the rate of secretion below a oul 
normal if thoracic blood volume is excessive. Such an interpretation would be consistent also with ( tk 
the finding that vagotomy alone does not lead to an increase in aldosterone output (Davis et a/., e al 
1959). This concept must be held as tentative, however, as the evidence for such an unorthodox cian 
**on-off”? mechanism is still far from complete and cold block of the vagi has also been shown to S 
reduce aldosterone secretion below normal (Anderson et al., 1958). It must also be noted that 1952 
vagotomy fails to produce oliguria in unhydrated animals (Pearce, 1959). In such animals anti- port 
diuretic hormone levels may already be nearly maximal, and the studies should be repeated in hem 
animals undergoing diuresis following hypotonic infusions. redu 
Assuming that volume regulating receptors exist in both the low and high pressure sides of the redu 
cardiovascular system, need the search be extended for receptors of interstitial fluid volume? 1958 
Although it is difficult experimentally to change the interstitial fluid volume without simultaneously base 
altering the circulating blood volume, changes in opposing directions may be achieved by grossly Bart 
altering the oncotic pressure of the plasma. Welt and Orloff (1951) and later Fine et a/. (1958) have lock 
shown that increase in intravascular volume at the expense of interstitial fluid volume, produced by E 
infusion of hyperoncotic albumin solution, will lower urinary sodium output or fail to correct a ing t 
raised aldosterone level previously produced by hemorrhage. Hence, in spite of increased blood outp 
volume, reduction of interstitial fluid volume, presumably without change in sodium concentration, and 
can result in compensating urinary sodium retention. There are now indications that the midbrain Add 
plays a controlling role in regulating aldosterone output and it is not inconceivable that receptors plasi 
exist there that are designed to register changes in the degree of separation of cells. However, it stud 
would be extremely interesting to know how expansion of the interstitial fluid space would affect prod 
discharge of baroreceptors by alteration in the fluid content of their supporting cells. strat 
large 
the | 
EFFECTOR MECHANISMS aldo 
Changes in circulating blood volume that lead to changes in vascular pressures must, by tle mec! 
classical Starling-Landis mechanism, be reflected in alterations in the same direction in capilla y 1 
ultrafiltration. The fluid movement can amount to appreciable quantities, as evidenced by t!¢ rece] 
hemodilution that follows moderate hemorrhage and the concentration of plasma protein thit thre 
follows infusion of autologous plasma (Remington and Baker, 1959). Coupled with this passi hype 
mechanism is the reflex adjustment of vascular capacity that follows detection of arterial pressu ¢ put ' 
fluctuations by the baroreceptors (Heymans and Neil, 1958) and possibly also detection of alter: d acac 
filling volume by atrial stretch receptors (Roddie and Shepherd, 1958). These two responses provi: ¢ cong 


immediate buffering of abrupt changes in blood volume. to ce 
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A secondary line of defence, provided by the kidney, consists of alteration of water and electro- 
lyte output. It is now clear that variation in the rate of secretion of antidiuretic hormone at least 
contributes to the increased water excretion seen following the infusion of isotonic bovine albumin 
sc lution (Orloff and Blake, 1951), during negative pressure breathing (Boylan and Antkowiak, 1959), 
a’d atrial balloon distension in dogs (Baisset et al., 1958) and to the decreased water excretion 
fc'lowing orthostasis (Pearce and Newman, 1954) and hemorrhage (Rydin and Verney, 1938). 
A though it is a common finding that the glomerular filtration rate does not rise in response to 
ir crease in extracellular fluid volume (thus relegating the renal response to a tubular mechanism), 
n oderate hemorrhage is usually associated with reduction in glomerular filtration, which can explain 
» rt of the reduced renal output of water. 

It has been clearly shown that urinary sodium output decreases following hemorrhage(Goodkind 
e al., 1957), reduction of extracellular fluid volume without change in serum sodium concentration 
artter et al., 1956), and orthostasis (Epstein et al/., 1951; Thomas, 1957; Pearce and Newman, 
| 54). The workers cited found, however, that the glomerular filtration rate did not change or 
i1 creased or that decreased filtration, when observed, did not account for the reduction in sodium 
o itput. Jncreased urinary sodium excretion has bzen demonstrated following infusions of bovine 
a oumin in man (Welt and Orloff, 1951) and of either bovine albumin solution or plasma in the dog 
.tkins and Pearce, 1959) and following expansion of the extracellular fluid volume in man (Bartter 
al., 1956), even with a lowered plasma sodium concentration (Weston et al., 1953). Again, these 
\anges in sodium output could only be completely accounted for by decreased tubular reabsorption. 

Since methods of assay of aldosterone levels in the urine became available (Simpson and Tait, 
1/52; Singer and Venning, 1953), attention has been focused on the level of this steroid as the im- 
portant extrarenal factor governing urinary sodium output. The evidence has accumulated that 
hemorrhage does indeed increase aldosterone output (Farrell et a/., 1956; Bartter et al., 1958) as do 
reduction in extracellular fluid volume (Bartter et a/., 1956), orthostasis (Gowenlock et al., 1958), and 
reduction in thoracic blood volume produced by constriction of the inferior vena cava (Mills et a/., 
1958). The early evidence that aldosterone output is decreased by increased central blood volume was 
based on somewhat unnatural alterations in the circulatory systems of dogs, but the recent studies of 
Bartter et al. (1958), using infusions of albumin solution in man, have established this point. Gowen- 
lock et al. (1958) have also reported a fall in urinary aldosterone output to follow recumbency in man. 

Exception must be taken, however, to the acceptance of an exclusive role of aldosterone in govern- 
ing the renal output of sodium in normal blood volume regulation. Variations in urinary sodium 
output produced by orthostasis or other manceuvres designed to shift the circulating blood volume, 
and shown to be the result of altered tubular reabsorption, have been observed in patients with 
Addison’s disease (Rosenbaum et al., 1955; Taymor and Friedberg, 1957). Natriuresis following 
plasma infusion has been reported in adrenalectomized dogs (Atkins and Pearce, 1959). Most 
studies of natural aldosterone levels are carried out over a period of days, and infusion of the steroid 
produces a slow and modest effect which may outlast by several hours the actual period of admini- 
stration (Ross et al., 1959; Barger et al., 1958). It seems difficult, then, to attribute the abrupt and 
large changes in sodium excretion following a number of experimental variations in blood volume to 
the liberation or disappearance of the hormone in the blood stream. While not denying a role of 
aldosterone in blood volume regulation, it seems wise to speculate as well on other possible effector 
mechanisms provided to alter urinary sodium output. 

The existence of a “‘natriuretic hormone” is not a new suggestion, but one strongly supported by 
recent work by Keeler (1959). Lesions placed in the lateral hypothalamus of the rat resulted in a 
threefold increase in urinary sodium excretion, which was not prevented by renal denervation, 
hypophysectomy, or adrenalectomy. These lesions also reversed the usual decrease in sodium out- 
put that followed reduction of the extracellular fluid volume by peritoneal dialysis with 25 per cent 
acacia solution. A “‘sodium-losing material’ has also been reported in the urine of patients with 
congenital adrenal hyperplasia (Klein et a/., 1958), and this might explain the apparent refractoriness 
to continuous aldosterone administration to human subjects in whom sodium and water retention 
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ceases when a critical weight gain has resulted (August et a/., 1958). A second alternative natriure ic — 
mechanism that has been proposed is a direct nervous control of tubular reabsorption, but th: re ” tie 
appears to be no evidence of this that cannot also be explained on the basis of humoral factors ni w = bil 
being revealed. A third and more likely mechanism depends on intrarenal hemodynamic chang s, miae 
the effect of which must be considered in the light of recent revisions in understanding of the rer al 

tubular concentrating process. As the efficacy of the concentrating gradient established in the rei al 

medulla by the proposed countercurrent mechanism must depend in part on the rate of blood fic w T 
through the medullary vessels (Gottschalk and Mylle, 1959), both urine volume and solute conte at p 2se 


could be influenced either by the distribution of renal blood flow or by the absolute flow ra 2. 
Goodyer et al. (1958) have also provided some evidence of a related mechanism operating in respon se 
to hemorrhage, the intrarenal shunting of blood to “‘vessels of less than average resistance perfusi ig 
nephrons of more than average sodium reabsorbing capacity”. Such changes could still be dictat d 
by extrarenal influences, including the innervation of kidney vasculature (Sartorius and Burlingto 1, 
1956; Balint and Fekete, 1958) or by circulating hormones to which kidney vessels are differentia! -y 
sensitive. The possibility also exists that redistribution of intrarenal blood flow depends on tie 
viscosity of the blood, although this is unlikely to explain renal responses to simple translocation of 
circulating blood volume. 


REFLEX CENTRES 


Although the detailed pathways of visceral afferent nerves remain to be revealed, there is some 
histological evidence that the sensory vagal nucleus (receiving impulses from cardiovascular re- 
ceptors) has connections via the dorsal longitudinal bundle with the hypothalamic and posterior 
midbrain nuclei (Crosby and Woodburne, 1951). Vagal afferents, probably from atrial stretch 
receptors, can vary the secretion of antidiuretic hormone by the cells of the anterior hypothalmic 
nuclei. Approximately the same region must include the pathways or centres for the natriuretic 
mechanism studied by Keeler. The work of Farrell and his associates now implicates the posterior 
midbrain structures in the ultimate regulation of adrenal steroid secretion (Newman et al., 1958). 
Lesions placed centrally in the upper hindbrain increased the levels of plasma aldosterone in 
experimental animals, whereas lesions placed in the midbrain led to a decrease in aldosterone secre- 
tion. Attention was then directed to the pineal gland as a possible source of a hormone, released in 
response to stimulation from hypothalmic centres, which in turn governed adrenal cortical output of 
aldosterone. Pinealectomy was found to decrease blood levels of aldosterone in dogs (Farrell et a/., 
1959) and extracts of the pineal tissue were found to possess, in the acetone-soluble fraction, a 
powerful stimulating effect on aldosterone production (Farrell, 1959). The active material has been 
called “‘glomerulotropin”’ as it acts on the zona glomerulosa of the adrenal gland. More recent 
studies by Farrell (1960) indicate that the pineal gland may only act as a storehouse for a principle 
elaborated by other structures, possibly the subcommissural organ which was implicated by Gilbert 
(1957) as a “‘regulator of water intake”’ in the rat. Although the evidence is fresh, it seems likely 
that the pineal gland plays a role similar to that of the pituitary gland, and that integrating centres 
for the regulation of urinary sodium output exist in the posterior midbrain. Again, it is not difficu't FiG. | 








to postulate appropriate connections with baroreceptor nerve endings in the medulla, only a few . 
interneurones away, so to speak. : 
The mode of integration of the diencephalic centres poses a formidable investigational problem : 
the light shed in solving this problem would aid in an understanding of the disordered salt and water incre 
metabolism of disease. Most homeostatic mechanisms operate continuously to maintain the level « f respe 
a function constant; if the afferent pathway of the mechanism is suddenly interrupted there is usual! y over 
a violent positive operation of the function. Yet separate and combined vagotomy and section cf arter 
carotid sinus nerves in the dog have no acute effects on renal secretion of water and sodium chlorid > failis 
(Atkins and Pearce, 1959) and no lasting effects on aldosterone and urinary sodium excretio 1 creas 
(Davis et al., 1959). Since the physiological causes of reduced activity in the vagus and the arteri: | atria 


baroreceptor nerves are not normally opposing ones, the results of combined section should nct ofur 
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cancel one another out. Itis also unlikely that the remaining impulses in the common carotid nerves, 
wich would be increased in number because of the resultant hypertension, could dictate complete 
st bility of water and salt output. The only ready answer is that still other receptors had been left 
in'act and that they continued to register a normal state of extracellular fluid volume. 


AN ATTEMPT AT INTEGRATION AND RELATION TO CEDEMA OF CARDIAC DISEASE 
The mechanisms of extracellular fluid volume regulation for which there is now evidence are 
p -sented in Fig. | and 2. It is apparent that slightly different mechanisms operate to correct an 
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FiG. 1.—A diagram of proposed mechanisms by which an increase in extracellular fluid volume (ECFV) is counter- 


acted. Those features for which evidence is still only preliminary are indicated by small lettering or by interrupted 
pathways. ADN, aortic depressor nerves; CSN, carotid sinus nerves; CCN, common carotid nerves; UH20V 
and UNaV, total urinary water and sodium excretion. 


increase from those that correct a decrease in blood volume. It is suggested that one set of 
responses to increased blood volume exists to protect the heart and low pressure vascular system from 
overloading, while the other set of responses to decreased blood volume exists to ensure an adequate 
arterial supply and consequent tissue fluid circulation. The reduced cardiac output of the “‘forward- 
failing’? heart, detected first as a reduced pulse pressure in the arterial system, would lead to in- 
creased aldosterone secretion and consequent salt retention. A subsequent over-stimulation of the 
atrial receptors, due to venous congestion of ‘‘ backward-failure’’, should lead to an increased output 
ofurinary water. The inhibiting effect on antidiuretic hormone secretion is, however, not a powerful 
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Fic. 2.—A diagram of proposed mechanisms by which a decrease in extracellular fluid volume (ECFV) is counter- 
acted. Reservations and abbreviations are as in Fig. 1. 


one (as seen with the modest atrial engorgement which accompanies negat*’’e pressure breathing) and 
it might be unable to oppose the stronger stimulus to antidiuretic hormone secretion arising from 
retention of osmotically active sodium. Although the atrial receptors do appear to influence elec- 
trolyte output during conditions leading to their prolonged overstimulation, again the powerful 
effect of reduced baroreceptor activity might predominate in increasing aldosterone secretion. So 
only a “‘natriuretic hormone”, perhaps liberated in response to gross increase in interstitial fluid 
volume, would seem left to prevent unlimited and self-aggravating cardiac oedema. 

Initial backward failure should lead to diuresis, due to stimulation of atrial receptors, wit) 
perhaps some reduction in aldosterone secretion if the stimulus is large enough to imitate the stretch - 
ing maneeuvre of Farrell. Again, a persisting loss of water without proportionate loss of sodiur) 
defeats the mechanism by raising the extracellular fluid osmotic pressure. It seems that the momer t 
the cardiac output began to decline, the low pressure side would be powerless to prevent salt an | 
water retention. In experimental congestive failure, produced in dogs by circulatory obstructio 1 
(Davis et al., 1956), constriction of the inferior vena cava was much more effective in raising aldo: - 
terone secretion than constriction of the pulmonary artery. Assuming that the degree of reductio 1 
in cardiac output was similar in each case, it can be concluded that the engorgement of the rig! t 


atrium at least mitigated the salt retention. Unfortunately, this is not borne out in the study ¢f 


Wolff et al. (1957) who found a greater rise of aldosterone levels in the urine of patients wit 1 
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ight-sided failure than in those with left-sided failure. Other workers have not been able to find 
iised aldosterone levels in experimental congestive failure, even in the presence of cedema with salt 
id water retention (Driscoll et a/., 1957). The high levels of aldosterone seen with hepatic cirrhosis 
ay be due to interference with the inactivation of the steroid by the liver, although this does not 
em to be the explanation of the high aldosterone levels of acute inferior vena cava constriction as 
ey can be restored to normal by simultaneous infusion of blood into the supradiaphragmatic 
sculature (Bartter and Gann, 1960). It seems that a profitable approach to the problem would be 
rther careful study of the cardiac output and arterial pulse pressure in relation to aldosterone levels 
iring various stages of cardiac decompensation and recompensation. 

Other interesting hypotheses have been advanced to explain the ceedema of congestive failure. 
irger’s suggestion that increased renal tubular reabsorption may be explained by an excessively 
gh peritubular capillary oncotic pressure has received support from a recent study by Vander et al. 
958). Marked elevation of filtration fraction, due chiefly to fall in effective renal plasma flow, was 
und commonly in patients with cedema of congestive failure. This mechanism requires further 
amination in the light of newer concepts of the renal concentrating mechanism. Barger et al. 
959) have recently supplemented the original hypothesis by proposing that decreased baroreceptor 
tivity of forward failure may be responsible for the reduced renal plasma flow. Most recently, 
! elson and August (1959) have suggested that an abnormal response to aldosterone may exist in 
itients with oedema (of various types), as they do not show the normal refractoriness to continued 
iministration of excessive aldosterone. A relation between these findings and altered pineal 
‘cretion, or possibly changed secretion of “‘natriuretic hormone”, would be a revelation of great 
iterest. 
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SUMMARY 

In addition to mechanisms for the regulation of osmotic pressure of the extracellular fluid, the 
major factor determining intracellular volume (Robinson, 1960), a complex mechanism exists for the 
regulation of extracellular fluid volume. The latter mechanism appears to depend upon sensory 
information from volume receptors in the low pressure and high pressure sides of the circulation, 
and possibly also in the interstitial fluid compartment. The volume of the extracellular compart- 
ment is adjusted first by changes in circulating blood volume, brought about by alterations in urinary 
water and electrolyte output. The low pressure system receptors appear to regulate mainly the renal 
water output by varying the level of secreted antidiuretic hormone: their function may be conceived 
as the protection of the low pressure system and heart from overloading. The high pressure system 
receptors appear to regulate mainly the sodium output by varying the production of aldosterone; the 
parameter of pulse pressure, related to stroke cardiac output, is probably the relevant stimulus to 
volume regulation by these receptors, the function of which may be conceived as the maintenance of 
adequate tissue fluid circulation. An additional regulation of urinary sodium excretion must exist, 
and there is evidence supporting at least two possible mechanisms: a natriuretic hormone, secreted in 
the midbrain, or renal hemodynamic control of the tubular concentrating mechanism. The co- 
ordinating centres for the homeostasis of blood volume seem to lie in the midbrain, with the anterior 
hypothalamic centres controlling water output and the posterior diencephalic centres, possibly 
including the pineal gland, controlling sodium output. 

The salt retention of cardiac failure can, in some cases only, be explained on the basis of reduced 
cardiac output leading to increased aldosterone secretion in spite of the overruled opposing influence 
from engorgement of the lesser circulation. An abnormally increased renal reabsorption of water 
and salt, due to a raised filtration fraction or an enhanced sensitivity to aldosterone, may contribute 
to salt and water retention in edema. Although its disorder in disease is poorly understood, the 
existence of a mechanism to regulate blood volume in the normal state must now be accepted among 
the homeostatic mechanisms designed “‘to maintain the constancy of the internal environment”’. 
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Despite all that has been written about the radiological changes produced by mitral or pulmonary 
‘nous obstruction, the differences caused by a raised pressure in the pulmonary veins on the one 
and and in the pulmonary arteries on the other are not always appreciated. The purpose of this 
ymmunication is to clarify these differences. The observations are based largely on a study of the 
idiograms taken before and after valvotomy performed on 173 patients suffering from mitral 
tenosis, in all of whom pressure records were made at the time of operation, and some of whom 
vere also catheterized. A full account of the hemodynamic consequences of pulmonary venous 
ypertension has been given elsewhere (Harley, 1960). 

The unqualified term pulmonary hypertension should be discarded in favour of the more specific 

nes pulmonary venous hypertension, pulmonary mixed hypertension, and pulmonary arterial hyper- 
ension. In the following discussion the first of these terms is used to describe the condition in 
vhich the pulmonary venous pressure is raised, but the pulmonary vascular resistance is normal or 
only slightly increased, and any pulmonary arterial hypertension is purely passive. By pulmonary 
mixed hypertension is meant pulmonary venous hypertension complicated by a rise of pulmonary 
vascular resistance due to constriction of the small and medium sized pulmonary arteries and 
arterioles, spastic or structural, causing active or obstructive pulmonary arterial hypertension. In 
pulmonary venous hypertension the pulmonary pressure gradient is within normal limits whereas 
in mixed hypertension it is raised. By pulmonary arterial hypertension is meant a raised pulmonary 
arterial pressure due to causes other than pulmonary venous hypertension. Each of these conditions 
gives rise to different radiological appearances, which can be distinguished from each other, and 
also from those caused by pulmonary pleonemia. 


PULMONARY VENOUS HYPERTENSION 


The radiological changes of pulmonary venous hypertension may be described under four 
headings, namely: pulmonary cedema, structural changes in the interlobular septa, changes in the 
small and medium sized pulmonary arteries and veins, and changes in the root shadows. Changes in 
the heart, aorta, and main pulmonary artery will not receive special consideration. 


Pulmonary Interstitial edema. Pulmonary venous hypertension results in a raised capillary 
pressure which may cause alveolar or interstitial oedema of the lung (Parker and Weiss, 1936; 
Grainger and Hearn, 1935; Doyle et al., 1957; Harley, 1960), but only the interstitial variety will 
be discussed here. The radiological changes by which this is recognized are loss of translucency, 
peripheral horizontal lines, and a lobular pattern in the lower parts of the lung fields. Loss of 
translucency was described by Davies et a/. (1953) and by Goodwin (1958). Horizontal lines have 
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been discussed by many workers (Kerley, 1933 and 1951; Fleischner and Reiner, 1954; Whitak 
and Lodge, 1954; Carmichael et al., 1954; Short, 1955; Grainger and Hearn, 1955; Gough, 195 


ence to the appearance which I have named the lobular pattern is made by Gough (1957-58) w! 
described a mosaic. 

The loss of translucency, the septal lines, and the lobular pattern are seen best in the lower a: 
dependent areas where the hydrostatic pressure is greatest (Fig. 1, 2). Dock (1947) demonstrat 
that the venous pressure is 20 cm. of water higher at the base than at the apex of the chest when t 
subject is upright. The “B” lines of Kerley (1951), for which Short (1955) suggested the excelle 
name of septal lines, and the lobular pattern are due to opacification of the interlobular septa of t! 
lungs. That this is so is made obvious by a study of Gough’s thin paper-mounted whole lui 
sections (Gough, 1957-58), as shown in Fig. 3, which indicate that the septa correspond in lengt 
number, and position with the B lines and with the lobular pattern seen on the radiograms. 





Fic. 1(a).— Mitral stenosis with moderately high pul- 
monary vascular resistance (PVR). At thora- 
cotomy left atrial pressure (LAP) 24 mm. Hg and 
pulmonary artery pressure (PAP) 32/20 mm. Hg. 
Florid pulmonary venous hypertension with venous 
root shadows, loss of translucency, wide horizontal Fic. 1(b}—Enlargement of left lower zone to shov 
lines, and well marked lobular pattern. lobular pattern. 
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RADIOLOGICAL CHANGES IN PULMONARY VENOUS HYPERTENSION 


Fic. 2(a).—Pure mitral stenosis with slight aortic 
stenosis and high PVR. At thoracotomy LAP 
18 mm. Hg and PAP 68/48 mm. Hg. At catheter- 
ization PAP 100/45 mm. Hg. Root shadows show 
mixed arterial and venous pattern, the left being 
more arterial than the right. Lower zone constric- fe on ae 
tion contrasts with upper zone dilatation. Well 
marked thick and thin horizontal lines, but no Fic. 2(b).—Enlargement to show horizontal lines in 
lobular pattern and little loss of translucency. left lower zone. 


The evidence is good that loss of translucency and opacification of the interlobular septa are 
due to interstitial edema. These changes occur in the dependent areas where capillary pressure is 
highest in the upright position (Dock, 1947). The changes are extremely variable from time to 
time, becoming greater with activity and less with rest (Harley, 1960). There is a striking difference 
in the radiograms taken when patients attend at outpatients before valvotomy compared with those 
taken just before the operation after they have been in hospital for a period. This is well shown in 
Fig. 5. Striking improvement results from valvotomy also. These changes have been seen in a 
variety of conditions that cause a rise in pulmonary capillary pressure. (Edema of the inter- 
lobular septa has been demonstrated microscopically by Parker and Weiss (1936), by Gough (1955), 
and also by my colleagues Parry and Storring (personal communication) in biopsy specimens 
removed from the lung by the author at the time of valvotomy for mitral stenosis (Fig. 4). Finally 
a relationship can be demonstrated between these changes and the left atrial pressure, measured 
directly or indirectly (Grainger and Hearn, 1955; Rossall and Gunning, 1956). In 173 cases of 
mitral stenosis in which the writer measured the left atrial pressure by needle puncture at thoraco- 
tomy, horizontal lines were widely scattered over all ranges of pressure, but were more common in 
the higher pressure groups (Harley, 1960). When the mean left atrial pressure was 21 mm. Hg 
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Fic. 3.—Thin paper-mounted section of lower lobe of lung, showing interlobular septa 
outlined by hemosiderin. Their relationship to radiological horizontal lines and 
lobular pattern is obvious. (By the courtesy of Professor J. Gough.) 


or more the percentage of cases showing septal lines was 42, whereas when the pressure was less 
the percentage dropped to 24. The wide scatter is due to two facts; firstly, as already indicatec, 
the left atrial and pulmonary venous pressure fluctuates widely from time to time, and secondly 
all horizontal lines are not due to interstitial edema (vide infra). Catheterization examinations 
indicate that septal lines are usually associated with mean left atrial pressures of 17 to 18 mm. Hz 
or more. 

Although loss of translucency and horizontal lines are well known signs of pulmonary inte - 
stitial edema, the lobular pattern has received scant attention. This appearance is easily seen in tl ¢ 
lower zone in some cases of mitral stenosis and it outlines the secondary anatomical lobules of Mill: r 
(1947). It was found by the writer in 45 (26°) of 173 patients with mitral stenosis, and it invariab y 
disappeared after valvotomy. It is illustrated in Fig. 1. The B lines of Kerley (1951) and tle 
lobular pattern represent those interlobular septa that lie in a plane more or less parallel with th: t 
of the roentgen rays so that they are rendered opaque (Fig. 1, 2, and 3). 
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Fic. 4.—Section of lung, showing cedema of interlobular septa, dilated lymphatic vessels, and 
thickened alveolar septa. Radiograms showed wide horizontal lines and lobular pattern which 
disappeared within three weeks of valvotomy. Woman of 34 with mitral stenosis, moderate 
mitral regurgitation, and high pulmonary vascular resistance. At thoracotomy the mean left 
atrial pressure was 30 mm. Hg(H & E: x 140). (By courtesy of Dr. T. E. Parry and F. K. Storring.) 


Loss of translucency was evident in the radiograms of 101 out of 173 patients (59°%) submitted 
to valvotomy, but is not always an easy sign to interpret because of the shadows thrown by the 
breasts. That this is, however, a common feature can be seen by comparing radiograms taken by a 
similar technique before and after successful valvotomy. 

Loss of translucency nearly always disappeared after successful valvotomy and the lobular 
pattern almost invariably did so, but peripheral horizontal lines, which are more or less perpendi- 
cular to the pleural surface, did not always do so. It was concluded that loss of translucency and 
the lobular pattern were caused by interstitial oedema, but that horizontal lines were not always due 
to this cause. Horizontal septal lines were present in 66 of the 173 patients (389%): they are more 
commonly seen than the lobular pattern because the subpleural interlobular septa of the lower 
parts of the lungs are placed nearly in the horizontal plane and are, therefore, close to the plane of 
travel of the roentgen rays. 
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Fic. 5(a).—Pure mitral stenosis, with minimal aortic Fic. 5(b).—Remarkable improvement of changes in root 
stenosis and regurgitation, and low PVR. At shadows and lung fields about two months later, 
thoracotomy, LAP 6 mm. Hg and PAP 34/18 mm. 12 days before valvotomy. 

Hg. Two and one half months before valvotomy ; 
typical venous root shadows and fine horizontal 

lines are seen, but no loss of translucency or lobular 

pattern. Vessels to lower zones are not constricted 

and there is much opacity to right of right atrium. 


Structural Changes in the Interlobular Septa 


Not all horizontal peripheral septal lines in pulmonary venous hypertension are due to inter- 
stitial edema, for some of them persist after mitral valvotomy. The writer classifies septal lines 
into reversible or transient and irreversible or permanent. Reversible lines are caused by inter- 
stitial edema (Fig. 4) and disappear after relief of the raised capillary pressure, but irreversible ones 
are caused by structural changes in the interlobular septa and do not disappear (Fig. 6). 

Gough (personal communication) suggested that thick lines might be due to cedema and thin 
ones to the deposition of hemosiderin in the interlobular septa. To test this hypothesis the writer 
divided septal lines into thin ones with a thickness of 1 mm. or less, and thick ones wider than this. 
It was found that both thick and thin lines might persist or disappear after valvotomy, though thick 
ones were more likely to be reversible. Thick lines were present in 40 of the 173 patients and 
they disappeared after valvotomy in 24 of the 32 (75%) in whom information was available. 
Thin lines were present in 53 cases and they disappeared in 24 of the 42 (57%) in whom info:- 
mation was obtained. This investigation shows that the thickness of septal lines is no index of 
their pathology. Both thick and thin lines may be present in the same patient. 

Both Gough (1955) and Fleischner and Reiner (1954) demonstrated hemosiderin depositic n 
along the borders of the interlobular septa in cases of mitral stenosis, and the latter workers also 
showed that fibrous thickening was frequent in chronically edematous septa. Fibrous thickenirg 
of the septa has been confirmed by Parry and Storring in biopsy specimens removed from the lun::s 
and by the writer at the time of mitral valvotomy (Fig. 6). It seems reasonable to conclude th::t 
persistent fine lines are caused by hemosiderin deposition, and that they are analogous to the sept :1 
lines due to pigment deposition seen in cases of tin smelter’s and coal miner’s pneumoconiosi;, 















whil 
these 
hype 
of m 
but t 


medi 
engo 
vesse 
gram 
veno 
or in 





root 
later, 


iter- 
lines 
iter- 
ones 


thin 
riter 
this. 
hick 
and 
ible. 
ifor- 
X ¢ f 


iticn 
also 
nirg 
un’:s 
th:t 


=pt il 











RADIOLOGICAL CHANGES IN PULMONARY VENOUS HYPERTENSION 81 





Fic. 6.—Section of lung, showing fibrosed interlobular septum. Case illustrated in Fig. 2. 
The thick and thin horizontal lines present before valvotomy persisted after operation. 
(H. & E.:x 140.) (By courtesy of Dr. T. E. Parry and F. K. Storring.) 


while persistent wide lines are the result of fibrous thickening of the interlobular septa. Both of 
these pathological changes are, of course, end results of chronic pulmonary venous and capillary 
hypertension, but they afford an adequate explanation of the persistence of septal lines after relief 
of mitral obstruction. These pathological changes might produce an irreversible lobular pattern 
but the writer has seen such a pattern persist after successful valvotomy on only one occasion. 


Changes in the Small and Medium-sized Pulmonary Arteries and Veins 


One of the consequences of pulmonary venous hypertension is a veno-arterial constriction of the 
medium-sized and small pulmonary veins and arteries in the lower zone, and this is accompanied by 
engorgement of the corresponding vessels in the upper zone. The contrast between the dilated 
vessels in the upper zone and the narrow ones in the lower zone is a striking feature of the radio- 
grams of many cases of mitral stenosis (Fig. 7), and is a valuable radiological sign of pulmonary 
venous or pulmonary mixed hypertension, for it does not occur in pulmonary arterial hypertension 
or in pulmonary pleonemia. 

The radiological and arteriographic studies of Goodwin et al. (1952), Davies et al. (1953), 
Steiner and Goodwin (1954), Doyle et al. (1957), Steiner (1958), Simon (1958), and others have 


G 


Fic. 7.—Mitral stenosis with considerable regurgi- 


tation and aortic stenosis and regurgitation. High 
PVR (14:2 units). At thoracotomy, LAP 32 mm. 
Hg and PAP 55/57 mm. Hg. At catheterization, 
PAP 140/60 mm. Hg. Typical arterial root 
shadows, venoarterial constriction in lower zone, 
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Fic. 8.—Pure mitral stenosis, high PVR, with pulmonary 


regurgitation, and some aortic stenosis. At thor- 
acotomy, LAP 12 mm. Hg and PAP 70/38 mm. Hg. 
At catheterization, PAP 120/60 mm. Hg. Typical 
arterial lung roots, lower zone venoarterial constric- 
tion, and thick and thin horizontal lines. 


and slight dilatation of vessels in upper zone. 


shown that in mitral stenosis the segmental and smaller arteries and arterioles to the lower zones 
of the lungs are normal in calibre or constricted, whereas those to the upper zones are normal in 
size or dilated. This has been confirmed by the author. Microscopic and arteriographic studies 
on post-mortem material by Short (1956) and Harrison (1958) indicate that constriction of both 
arteries and veins affects particularly the basal segments of the lower lobes, the middle lobe, and 
the lingula, all of which are below the left atrium, in the erect posture. Short also demonstrated 
that structural narrowing could occur without evidence of histological change in the vessel walls. 

Doyle et al. (1947) suggested that the zonal constriction was activated by pulmonary venous 
hypertension, the lower zone being affected first because of the hydrostatic increment of pressure. 
For this reason the change is zonal rather than segmental. According to Doyle and his colleagues 
venous constriction occurs first and is followed by arterial constriction. 

Whitaker and Lodge (1954) and Short (1955) found no relation between the degree of pulmonary 
venous engorgement of the upper zone and the pulmonary venous pressure, whereas Simon (1958) 
concluded that as the pulmonary venous pressure rose to 24 to 26 mm. Hg the engorgement in t 1e 
upper zone increased to a maximum, but that thereafter it decreased with further rises of pressure. 
Simon concluded that lower zonal constriction redistributed blood to the upper zone where it 
produced venous engorgement. A further rise in the ven@ws pressure caused constriction to spre id 
to the upper zone, so that engorgement was reduced. ,.Jf this theory is correct lower zone constriction 
should precede upper zone dilatation. Wade et af (1956) thought that the veno-arterial constr c- 
tion depended upon a local reflex not under autonomic control, but Davies et al. (1953), Balchum 
et al. (1957), and Goodwin et al. (1958) brought forward evidence to involve an autonomic nervo 1s 
reflex. 
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The writer found dilatation of segmental, subsegmental, and smaller vessels in the upper zones in 
the radiograms of 98 of 173 patients with mitral stenosis (57°%%). The left atrial pressure 
measured at thoracotomy in these cases was found to bear no relation to the presence or degree of 
vascular dilatation in the upper zones, for this occurred in all the pressure ranges. By contrast, 
constriction in the lower zone occurred in 49 cases (28°%) and its incidence increased with the height 
of ‘he left atrial pressure until the latter reached 26 mm. Hg. Thereafter the incidence of con- 
stri tion remained fairly constant about 50 per cent (Harley, 1960). 

\ relationship was also found with the pulmonary vascular resistance, the pulmonary pres- 
sur gradient, and the pulmonary arterial pressure (Harley, 1960). Thus when lower zonal 
coi striction was present, the pulmonary pressure gradient averaged 18 mm. Hg, but when it was 
ab: :nt the gradient averaged only 11 mm. Hg. In these two groups the average pulmonary arterial 
pre sures were 51/31 (41 mean) and 38/21 (28 mean) respectively. Furthermore right ventricular 
hy ertrophy was demonstrated by the electrocardiogram in 59 per cent of cases with contriction 
ag: inst 35 per cent of those without it. 

The writer’s investigations indicate that upper zonal dilatation of the medium-sized and small 
art ‘ries and veins is common, that it occurs early, and that it is independent of the degree of elevation 
of he left atrial pressure. It does not appear to be secondary to lower zonal constriction, which is a 
les common and later change and increases in frequency as the left atrial pressure rises to about 
26 mm. Hg. This constriction is associated with, and is presumably at least partially responsible 
fo:, a rise in pulmonary vascular resistance, and is seen best in cases of mixed pulmonary venous 
an | arterial hypertension. 


Changes in the Root Shadows 


The root shadows undergo important changes in pulmonary venous hypertension, the character 
of which alters significantly when the hypertension becomes mixed. The appearance of the root 
shadows gives useful information in distinguishing between the venous, mixed, and arterial varieties 
of pulmonary hypertension (Fig. 1, 2, 7, 8, and 9). 

In pure pulmonary venous hypertension the root shadows become larger and denser than normal, 
their upper and outer margins become ill-defined and irregular, and their lower ends become broad 
and prolonged downwards into the very obvious vascular markings of the paracardial regions 
(Fig. la and 5a). On the right side the characteristic space, normally seen between the inner 
margin of the root shadow and the right atrium, is obliterated. These appearances are chiefly 
due to enlargement of the left atrium and of the superior and inferior pulmonary veins and their 
branches down to the intersegmental level. The enlargement of the left atrium and of the right 
superior and inferior pulmonary veins obliterates the clear space between the inner margin of the 
right lung root and the right border of the heart. The enlarged proximal branches of the superior 
pulmonary veins cross the lines of the right and left pulmonary arteries and their descending branches, 
and fan out into the lung, running forwards, laterally, and backwards, to form significant opacities 
in the region of the lung roots. The radiation of these enlarged veins in many planes of space 
obliterates the sharp contours of the upper and outer borders of the right and left root shadows and 
causes them to lose their definition. In the normal subject these borders are formed by the right 
and left pulmonary arteries and their lower lobe branches, and are well-defined because these arteries 
lie almost in one plane, and the veins that cross them throw insignificant shadows. This appearance 
is not due to perihilar edema, and cedema is not found if the hilar vessels are dissected at thoraco- 
tomy. The wide prolongation of the lower ends of the two root shadows are caused by the opacities 
produced by the proximal parts of the arteries and veins to the lower and middle lobes and the lingula. 
The irregularity and loss of definition of the upper and outer border of the root shadows may be 
accentuated by enlargement of the lobar and segmental arteries to the upper lobes. 

When obstructive arterial hypertension complicates pulmonary venous hypertension to cause 
pulmonary mixed hypertension the appearance of the lung roots changes significantly (Fig. 7 and 8). 
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Fic. 9.—Eisenmenger’s syndrome, showing very large Fic. 10.—Atrial septal defect with low PVR and pul- 
main pulmonary artery, arterial root shadows, monary systemic flow ratio of 4:1. Lung roots of 
and clear lung peripheries; but absence of zonal arterial type but with somewhat ill-defined upper 
differences in vasculature or of evidence of and outer borders because large hilar veins cross 
pulmonary interstitial edema. them, and the lobar and segmental arteries to upper 


lobes are markedly enlarged. Peripheral lung 
vessels are enlarged, but without zonal difference. 
No evidence of pulmonary interstitial edema. 


The main and lobar arteries increase in size, but the large veins decrease in size, and the segmental 
arteries and veins to the basal segments and to the middle lobe and lingula constrict. As a result of 
these changes the upper and outer boders of the lung roots become much better defined and arterial 
in character, while the lower ends of the root shadows become narrowed, conical, and curtailed, 
taking the appearance of blunt inverted cones, with a tail formed by the constricted descending 
arteries. The latter appearance is much more obvious on the right side where the heart shadow 
does not obscure the details. The clear area between the right root shadow and the right border of 
the heart may again become evident (Fig. 7 and 8). The region lateral to the right atrium becomes 
clearer because of the constriction of the segmental and subsegmental arteries and veins to the 
basal segments, the middle lobe, and the lingula. 

The writer has indicated these two types of root shadow as venous and arterial because of their 
strikingly different appearances and their diagnostic importance. The arterial type of root shadow is 
often associated with veno-arterial constriction in the lower zones, a large main pulmonary artery 
and a high pulmonary vascular resistance and pulmonary arterial pressure, whereas these features 
are usually absent when the root shadow is of venous type. The main pulmonary artery may, 
however, be surprisingly large even when the pulmonary vascular resistance and pulmonary arte vial 
pressure are relatively low, and when the root shadow is of venous type (Fig. la and Sa). In t oth 
situations the features of pulmonary interstitial edema may be present or absent, though los: of 
translucency in the lower zones tends to be less in mixed than in venous hypertension (Fig. la . nd 
7). This does not appear to be true of septal lines or of the lobular pattern. 

In pure pulmonary arterial hypertension the main pulmonary artery is prominent and the rot 
shadows are large, well-defined, and of arterial configuration. Their lower ends are often ¢ >n- 












ta 


the 
res 
iS | 
19 
art 
cir 
res 
the 


an 
the 












and pul- 
roots of 
d upper 
Ns Cross 
to upper 
ral lung 
fference. 
na. 


mental 
ssult of 
arterial 
rtailed, 
ending 
shadow 
der of 
ecomes 

to the 


of their 
adow is 
/ artery 
eatures 
y may, 
arterial 
In t oth 
los: of 
la . nd 


he rot 
on Con- 








RADIOLOGICAL CHANGES IN PULMONARY VENOUS HYPERTENSION 





85 


stricted and shortened, while a clear space is frequently visible between the right root shadow and the 
right atrium (Fig. 9). 


D'FFERENTIAL RADIOLOGICAL DIAGNOSIS OF THE VARIETIES OF PULMONARY HYPERTENSION AND OF 
PULMONARY PLEONAMIA 


Pulmonary Venous Hypertension. There is enlargement of the left atrium. Enlargement of the 
ri ht ventricle tends to be slight and of the pulmonary artery slight or moderate, though it may be 
cc asiderable (Fig. la and 5). The aorta is normal or slightly reduced in size. The root shadows 
ar: of venous type. Loss of translucency and opacification of the interlobular septa may or may 
nc t be present, depending upon the pulmonary venous pressure at the time of radiography. Dila- 
ta ion of the medium-sized and small arteries and veins of the upper zones is frequently present, but 
tk : corresponding vessels of the lower zones are normal in calibre and are not constricted. The fact 
tl at the vessels in the upper zone are larger than those in the lower zone is of diagnostic value, for 
n rmally this situation is reversed. In mild cases the radiograms may be almost normal, whereas 
ir severe ones all the features of pulmonary venous hypertension are florid (Fig. 1). Remarkable 
re olution of the root shadow changes, and of those due to pulmonary interstitial edema, may follow 
rest (Fig. 5), or valvotomy. 


Pulmonary Mixed Hypertension. There is enlargement of the left atrium. Enlargement of 
the right ventricle and main pulmonary artery, especially the latter, is usually greater than in pul- 
monary venous hypertension. The root shadows are of more arterial type, depending upon the 
severity of the rise in the pulmonary vascular resistance (Fig. 7 and 8). When the latter is high, 
well-marked arterial root shadows are obvious. Lower zonal arteriovenous constriction is often 
present and contrasts with the dilatation in the upper zone. Loss of translucency and opacification 
of the interlobular septa may or may not be present. Septal lines are often well seen, but loss of 
translucency in the lower zones tends to be less marked than in pulmonary venous hypertension. 
The most important features that distinguish mixed from venous pulmonary hypertension are the 
arterial type of root shadow and the lower zonal constriction of the medium-sized and small vessels. 


Pulmonary Arterial Hypertension. There is not likely to be enlargement of the left atrium. 
The radiological appearances vary with the cause of the hypertension. 

In primary pulmonary hypertension there is variable enlargement of the right ventricle and 
usually considerable enlargement of the main pulmonary artery. The root shadows are large and 
clearly defined, with a curtailed lower end. The clear space between the right root shadow and the 
heart is usually evident. The root shadows are, therefore, of arterial type. The peripheral vessels 
are small in all zones of the lung field and the changes of pulmonary interstitial cedema are absent, 
so that the lung fields are clear. The aorta is small. 

When pulmonary arterial hypertension is secondary to an abnormal communication between 
the atria, the ventricles, or the aorta and pulmonary artery, variable radiological appearances may 
result. When the resistance to flow through an interventricular or aortopulmonary communication 
is no greater than it is through the normal aortic pathway (non-restrictive communication, Harley, 
1960) and when no pulmonary stenosis is present, the systolic pressures in the aorta and pulmonary 
artery must always be identical, because the defect itself causes no pressure gradient. In these 
circumstances the pulmonary and systemic flows depend entirely upon the relative peripheral 
resistances of the pulmonary and systemic circuits. Either may be greater, or the two may be equal. 
The lung fields may, therefore, show the features of increased, normal, or decreased flow although 
the pulmonary arterial and aortic systolic pressures are the same as each other in each case. When 
an atrial septal defect or anomalous pulmonary veins are present, or when a communication between 
the ventricles or great vessels is restrictive and, therefore, creates a pressure gradient, the pulmonary 
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arterial pressure can only reach or exceed systemic levels if the pulmonary vascular resistanc: 
equals or surpasses the systemic resistance. In this event the pulmonary flow will be decreased. 

From what has been said it is evident that very different radiological appearances are found wit | 
pulmonary arterial hypertension due to congenital communications and full details cannot be give: 
here. A feature common to all varieties is enlargement of the right ventricle and of the mai 
pulmonary artery and its right and left branches. The root shadows are of arterial type, but th 
appearances of the medium-sized and small vessels is variable; they may be inconspicuous, norma 
or enlarged, depending upon the pulmonary flow. Loss of translucency and opacification of th: 
interlobular septa will not be seen. The size of the aorta varies with the site and size of the abnorma 
communication, and with the systemic flow. In cases of atrial septal defect the aorta is sma! 
(Fig. 9), in non-restrictive interventricular septal defects it may be normal or small, in restrictiv: 
interventricular septal defects it is usually normal, and in a large persistent ductus it is often bigge: 
than normal, while the ductus itself may be visible radiologically, giving a double outline to the aortic 
arch (Wood, 1958). When the Eisenmenger syndrome is occasioned by an atrial septal defect the 
right pulmonary artery is sometimes disproportionately large (Fig. 9). 


Pulmonary Pleonemia. Large pulmonary flows due to left-to-right intracardiac or aorto- 
pulmonary shunts are associated with large main, right, and left pulmonary arteries, together with 
enlargement of the lobar, segmental, and peripheral branches (Fig. 10). The pulmonary veins 
also dilate to accommodate the increased flow. The root shadows are largely of arterial type, 
but if the flow is very great they may show loss of definition of their upper and outer margins, 
caused by the large size of the hilar veins and of the origins of the segmental arteries, and even 
the clear space between the heart and the root shadow of the right lung may be encroached upon 
(Fig. 10). The medium sized vessels in the lower zones are somewhat larger than those of the upper 
zones, the opposite of the situation in pulmonary venous hypertension and pulmonary mixed 
hypertension. Slight left atrial enlargement may be seen in cases of ventricular septal defect 
or persistent ductus, in which conditions the left ventricle may also be enlarged. When an 
atrial septal defect is present the right atrium and ventricle are large, but the aorta is small. The 
aorta is usually normal in size when there is an interventricular communication, and may be enlarged 
when there is an aorto-pulmonary one. 


SUMMARY 


The significance and character of the radiological changes caused by pulmonary venous hyper- 
tension are discussed, with special reference to the lobular pattern and the root shadows. 

Venous, mixed, and arterial varieties of pulmonary hypertension are defined. Pulmonary 
venous hypertension is a state in which the pressure in the pulmonary venous system is high, while 
the pulmonary vascular resistance remains normal, or increases only slightly, and any rise in pul 
monary arterial pressure is passive. The root shadows are of venous type and loss of translucency 
and opacification of the interlobular septa are likely to be present, especially when the patient i: 
active. Dilatation of the vessels to the upper zone is common, but constriction of those to the lowe: 
zone is not seen. 

Pulmonary mixed hypertension occurs when a raised pulmonary vascular resistance, of spastic 
or structural origin, complicates pulmonary venous hypertension to produce a disproportionate 
rise in the pulmonary arterial pressure. The root shadows are of arterial type. Lower zona 
constriction is often present and contrasts with the dilatation of the vessels in the upper zone 
Opacification of the interlobular septa is often seen, but loss of translucency in the lower zone tend: 
to be less obvious than in pulmonary venous hypertension. 

Pulmonary arterial hypertension occurs whenever a raised pulmonary arterial pressure occur: 
without obstruction to pulmonary venous drainage. The radiological changes vary with the under. 
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anc > lying cause, but the features of a raised pulmonary venous pressure are absent, constriction of peri- 

. pheral vessels is not zonal, and the root shadows are of arterial type. 

wit | Opacification of the interlobular septa causes horizontal lines and a lobular pattern on the 

ive! radiogram. This opacification may be due to oedema, when it is reversible, or to structural changes, 

nai when it is irreversible. 

| th The appearances caused by pulmonary pleonemia are briefly described and are contrasted with 

ma those produced by the three types of pulmonary hypertension. 
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In the treatment of stenosis of the valves of the heart, it is common surgical practice to pass an 
expanding dilator or valvulotome through the cavity of the ventricle to the affected valve. To permit 
insertion of the instrument an incision about | cm. long is made near the apex of the ventricle, 
avoiding small coronary vessels, and the wound is repaired afterwards with two or three silk or 
linen sutures. The advantages and the immediate difficulties and dangers of such a procedure have 
been well documented and widely discussed, but latecomplications attributable to the ventriculotomy 
itself have attracted scant attention. We therefore report the occurrence of three left ventricular 
aneurysms following ventriculotomy and discuss their development, diagnosis, and treatment. Of 
these three incisional aneurysms, one was false and two were true. 


CASE REPORTS 


Case 1. A 50-year old Yugoslav man was admitted early in 1958 with severe aortic stenosis and 
mild aortic regurgitation. The first operation (12/2/58, Mr. W. P. Cleland) was a transventricular 
dilation of the heavily calcified aortic valve, using a 3-bladed dilator. The ventriculotomy was 
repaired with two silk sutures and the pericardium was sutured over the wound in the heart. 
Recovery from the operation was retarded by a staphylococcal pulmonary infection, the first signs of 
which appeared on the third day after operation. A course of erythromycin and novobiocin was 
started. The following day the clinical and radiological appearances suggested a collection of 
fluid at the left lung base, but aspiration yielded only a small quantity of turbid yellow fluid which on 
culture produced a heavy growth of Staphylococcus pyogenes, sensitive to erythromycin and 
novobiocin. His temperature settled to normal within the next few days and thereafter progress 
was satisfactory. 

The assessment of his condition on discharge from hospital was that there had been good relief 
of the stenosis at the expense of some increase in regurgitation. Re-expansion of the left lower lobe 
was incomplete and there was a good deal of residual thickening of the pleura. 

On 27/3/58, i.e. two weeks after his discharge, and six after the operation, he was readmitted. 
He had been well until three days earlier, when he began to shiver and feel ill, with pains all over his 
body. There had been anorexia and vomiting, but no cough and no sputum. A few hours before 
readmission he had begun to suffer pain in the anterior end of his scar where previously there had 
been only mild discomfort. His temperature was 100-4° F. Except for tachycardia and a small 
rise in jugular venous pressure the physical signs were the same as when he left hospital and the 
X-ray appearances (Fig. 1) were not materially changed. Hemoglobin had dropped to 10-6 g. 
per 100 ml. and the white cell count was 9000 per c.mm., with a relative neutrophil leucocytosis. 
There was no obvious cause for his illness. 

After blood cultures had been set up, he was given tetracycline and kept under observation. His 
temperature rose during the night to 102° F, and the pain in his chest increased, but there were no 
new signs until the following night, when a tender swelling appeared under the anterior end of the 
scar. By morning it was about 10 cm. in diameter, and 3-5 cm. in depth. The skin covering it 
88 
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INCISIONAL ANEURYSMS OF THE LEFT VENTRICLE 





Fic. 1 Case 1.—Postero-anterior five foot chest film. Demonstrates a left pleural 
effusion which obscures the left side of the heart and the cardiac aneurysm. 


was slightly reddened and tense and pressure caused pitting. The whole area pulsated. It was 
thought to represent empyema necessitatis with transmitted pulsation from the greatly enlarged 
ventricle beneath it. Aspiration of the swelling itself yielded only a small quantity of dark blood, 
and aspiration of the pleural sac failed to locate pus. 

Second operation (29/3/58) (W. F. K.). Under local anesthesia a 3-inch incision was made 
through the anterior end of the old scar, where the swelling was greatest. The tissues looked fresh 
and uninfected. In the intercostal space, the pleura covered a mass of clotted blood which seemed 
only a few days old. Suddenly from the depths of the wound there came a gush of bright red blood, 
obviously from the heart. Temporary control was achieved with a gauze pack and pressure, while 
blood transfusion was started and general anesthesia induced. The pack was therefore sewn into 
the wound, and a firm dressing applied. There was no evidence of further bleeding until the follow- 
ing morning when discoloration and induration of the left flank were noted. 

Third operation (30/3/58, Mr. W. P. Cleland). With 16 pints of blood cross-matched, the left 
femoral artery was exposed and a large cannula tied into it for rapid arterial transfusion. The 
patient was turned into the right lateral position and the left side of the chest was entered by resecting 
the posterior half of the 6th rib. As expected, the lung was firmly adherent to the chest wall, and 
mobilization was not easy. The incision was cautiously carried forward, removing short sections of 
rib, and mobilizing the lung until the region of the apex of the heart was reached. There a fairly 
large false aneurysm was found, confined mainly by pericardium. Part of the wall was thin and 
friable, and this was where leakage had occurred. Hemorrhage was profuse when the plug inserted 
the previous day was displaced, but a gauze swab and digital pressure controlled it while the re- 
mainder of the rib was removed, and lung, diaphragm, and pericardium were separated from the 
heart. When the apex of the heart had been fully exposed, blood could be seen spurting through the 
ventriculotomy, which showed little evidence of healing. The two threads with which it had been 
sutured lay loosely across it; they were picked out and preserved for bacteriological examination. 
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The myocardium was resutured with deeply-placed mattress stitches of chromic catgut, and reir - 
forced with the wall of the aneurysm. Blood lost during the operation measured 3000 ml.; arteri: | 
transfusion was not required. 

Recovery was slow at first, and was further retarded by a right-sided pulmonary infarct. Subse 
quent progress was rapid and the patient left for Yugoslavia on 3/6/58. Staph. albus was culture: 
from the cardiac sutures (the same organism was found in the blood cultures), and a buried nylo: 
suture from the chest wall grew Staph. pyogenes. 


Case 2. A woman of 53 years, whose only valvular lesion was severe mitral stenosis, suffered fron 





Fic. 2, Case 2.—A and B. Pre-operative films, postero-anterior and lateral, demonstrate the enlarged 
left atrium. C. Postero-anterior five foot chest film demonstrates a bulge along the left cardiac 
border continuous with the apex of the heart. D. Lateral film demonstrates an oval shadow 
superimposed on the heart just above the diaphragm. 
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mild chest pain on exertion in addition to the usual symptoms of mitral obstruction. After exer- 
ton there was S-T segment depression of 2 mm. in lead V7—a positive electrocardiographic effort 
test. At the first operation (31/10/58, W. F. K.) Tubbs’ transventricular dilator was used and a full- 
sized mitral orifice was obtained without the production of palpable regurgitation. The incision in 
tie ventricle was repaired with three linen thread sutures and the pericardium was reconstituted 
c ver it. 

In the early postoperative period low-grade pyrexia was attributed to a persistent small pleural 
¢ fusion, which was still present when she was discharged four weeks after the operation. When 
¢ 1e came to the outpatient clinic six weeks later she was found to be in mild congestive failure. By 
tiat time a pansystolic murmur was audible at the apex, and mitral regurgitation, together with 
i adequately controlled atrial fibrillation, was thought to be responsible. At her routine visit six 
110nths after operation she reported that she was much more active than before. Her only complaint 
\/as of an “expanding sensation” in the chest which did not distress her. The signs of failure were 
10 longer present; the left ventricular impulse was rather diffuse; the apical systolic murmur was 





LEFT 
VENTRICLE 
BORDER 
NEURYSM “ 


\GDIAPHRAGM, 


Fic. 3, Case 2.—Cine radiography of the aneurysm at 32 films a second; every 8th film is 
printed to demonstrate the variation in size of the aneurysm. 


unchanged; a barely audible short mid-diastolic murmur had appeared. Her electrocardiogram 
was identical with the one before operation but the chest X-ray, the first taken since her discharge, was 
strikingly altered. On the postero-anterior view, there was a large rounded bulge continuous with 
the left ventricular shadow at the apex (Fig. 2). Paradoxical pulsation was observed on fluoroscopy 
and recorded by cineradiography (Fig. 3) and an angiocardiogram showed contrast medium flowing 
freely from the left ventricle into the bulge (Fig. 4). The diagnosis of left ventricular aneurysm 
was incontrovertible. 

Second operation (22/5/59, Mr. W. P. Cleland). With equipment for left ventricular by-pass in 
readiness, the chest was opened by resecting the whole of the 6th rib. There were a few pleural 
adhesions, and the aneurysm was immediately apparent (Fig. 5). The neck of the sac was isolated 
without disturbing the fundus, by undermining the pericardium adherent to the surrounding ven- 
tricle. With a Crafoord clamp positioned to control the neck of the aneurysm, the sac was cleared 
of pericardium without endangering the phrenic nerve. 

After full exposure the aneurysm was seen to have a thin wall and a narrow neck, the external 
dimensions of the latter being 3 cm., in the direction apex-to-base, by 1 cm. The neck was clamped 
and permanently occluded with four horizontal mattress sutures of strong chromic catgut passed 
through the fibro-muscular ring deep to the clamp. On opening the sac after removal of the clamp 





WILCKEN, AND STEINER 





Fic. 4, Case 2.—A and B. Two films from the angiocardiographic series to demonstrate filling of the 
aneurysm from left ventricle. Note the delayed filling of the aneurysmal sac in(B). L.V.=left 
ventricle. A=aneurysm. 


a small clot was seen, looking so fresh that it was thought to have formed only after closure of the 
neck. The internal surface of the neck was smooth, white, and glistening (Fig. 5b), and the three 
linen threads used for repairing the original ventriculotomy were found close together in the fundus 
—proving that the aneurysm was a true one. There were no signs of old or recent infection. The 
redundant portion of the sac was cut away, and the cuff that remained was sutured with an everting 
layer of silk mattress stitches and another layer of continuous silk. The whole area was covered 
with pericardium and the chest closed. The blood loss measured 400 ml. 

Recovery was uneventful. The patient was allowed up after two weeks and discharged to a 
convalescent home after three. Six months after the operation she was very well. There was a 
normal left ventricular impulse and no systolic murmur. On the chest X-ray there were signs of 
pleural thickening in the costo-phrenic angle but the outline of the left ventricle was normal. The 
electrocardiogram was unchanged. 

Dr. I. Doniach’s report on the histology of the aneurysmal sac follows. ‘“‘... Mainly fibrous tissue 
with thrombus adherent to the inner surface and beginning to organize. At one point in the wall 
there is a localized collection of plasma cells, lymphocytes, macrophages and foreign-body giant 
cells, containing suture material. No heart muscle is recognizable. The collagen is well vascu- 
larized, and shows increasing differentiation from within outwards. There are pieces of pericardium 
stuck to its outer surface...” (Fig. 5c, d). 


Case 3. A man aged 26, with severe aortic stenosis and minimal aortic regurgitation, wa; 
operated upon by Mr. W. P. Cleland on 30/3/55. A satisfactory reduction in the aortic gradien 
was achieved by transventricular dilatation of the valve. During cardiac manipulations the patien 
became cyanosed, and took some time to recover. By the following day there were electrocardio - 
graphic signs of an anterior myocardial infarct consisting of elevation of S-T segments in leads | 
V2, and V3, with reciprocal depression in V4R and V1. He was kept in bed for three weeks, anc 
discharged to a convalescent home after four. Ten weeks after operation the T waves were inverte:. 
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DEAS 
Fic. 5, Case 2.—A and B. Aneurysm exposed at operation and then opened. C. Wall of true aneurysm. 
The endocardial surface is uppermost. Three layers can be seen. On the endocardial surface is organizing 
thrombus. Below this, and staining more darkly is a layer of young collagen formed from organized 
thrombus. The zone nearest the epicardial surface consists of older dense fibrous tissue. H. & E.: x60. 
D. Wall of true aneurysm. The endocardial surface lies uppermost and to the right. Section cut from 
near a Stitch inserted to close the ventriculotomy wound at the time of the mitral valvotomy and now lying 
in the wall of the aneurysm. Marked foreign body reaction with giant cellscan be seen. H.&E.: x38. 


in leads 1, 2, and V2 to V7; they gradually became upright again during the next two months (Fig. 6). 
A chest film taken 11 weeks after the operation revealed a protrusion continuous with the left cardiac 
border which had not been present six weeks earlier (Fig. 7). 

There was no alteration in the size of the protrusion radiologically over the next 44 years and no 
action was taken. Experience with the two cases already described, suggested his readmission 
in October 1959. He presented then the signs of moderate aortic stenosis without regurgitation. 
There was no clinical evidence of a cardiac aneurysm. On the electrocardiogram some flattening 
of the T waves in the left ventricular leads had appeared in the last two years, but there were no other 
abnormalities. Paradoxical pulsation could be seen on fluoroscopy, and an angiocardiogram con- 
firmed that it was an aneurysm. 
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Fic. 6.—Electrocardiograms of Case 3 show the gradual resolution of the infarct pattern seen the day follow- 
ing operation. 


Second operation (10/11/59, Mr. H. H. Bentall). The residual aortic stenosis was not severe 
enough to warrant a second valvotomy and only a repair of the aneurysm was planned. The chest 
was opened by an anterolateral incision in the 6th intercostal space; the lung was totally adherent. 
When the phrenic nerve had been dissected out and retracted, the pericardium was incised round the 
base of the aneurysm and mobilized from the heart, leaving undisturbed the investment of the fundus 
of the sac, and the aneurysm was revealed as a small tense hemisphere with obvious paradoxical 
pulsation. The base was 2-5 cm. across, and this appeared to be the size of the defect in the heart 
muscle, the ‘“‘neck”’ therefore being large in relation to the size of the aneurysm. Palpation was not 
attempted for fear of dislodging emboli. The shape of the aneurysm was such that a clamp could 
not easily be placed across its base, but the neck was securely closed by passing two inter-locking 
mattress sutures of strong catgut under the aneurysm. As in the previous case, the lining of the sac 
was smooth and glistening, there was no preformed clot, and after resection one of the silk stitches 
inserted at the original operation was found in the portion removed. It was therefore a true aneur- 
ysm. The fibrous rim of the neck was sutured with continuous silk and several interrupted silk 
sutures. There was insufficient pericardium to cover the repair. 

The patient made a good recovery from the operation and was discharged to a convalescent home 
in four weeks. 

Dr. I. Doniach reported on the histology of the aneurysm wall as follows. ‘‘. .. shows a thin 
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Fic. 7, Case 3.—A. Pre-operative five-foot postero-anterior chest film demonstrates enlargement of 
the left ventricle with a smooth left cardiac border. B. Post-operative five-foot postero-anterior 
chest film demonstrates a bulge continuous with the apex of the heart just above the diaphragm. 





sac Fic. 8, Case 3.—_Wall of true aneurysm. The endocardial surface lies to the right 
shes of the section. The wall consists of dense fibrous tissue more mature than 

that seen in Case 2. The aneurysm had been present for 44 years, while 
that in Case 2 had been present for only 6 months. H.&E.: x70. 


yme collagenous wall with one deposit of calcium. The endocardial endothelium is present, but there is 
no muscle and almost no elastic tissue. There are several small vessels in tie outer area—one artery 
hin shows endarteritis obliterans . . .”’ (Fig. 8). 
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DISCUSSION 


Types of Aneurysms. Aneurysms of the heart, like aneurysms of arteries, may be true or fals . 
A true aneurysm is part of the heart (Fig. 9). A saccular aneurysm with a narrow neck develo; 5 
from a small area of weakness in the myocardium. If the area affected is larger, a wide-necked sz > 
may develop, or there may be a diffuse bulge of the wall of the heart. Sooner or later all muscle i | 
the wall of the sac is replaced by fibrous tissue. 

A false aneurysm, on the other hand, lies outside the heart, and communicates with it through 1 
perforation in the myocardium. Such an aneurysm develops when blood, leaking persistently fror 1 
the ventricle, is contained by the surrounding structures (Fig. 9). Adhesions at first are fibrinous ; 
later they become organized, and form a tough wall of fibrous tissue indistinguishable even 01 
microscopic examination from the wall of a chronic true aneurysm. 


——PLEURA & 
PERICARDIUM ___ 








OLD SUTURES DIAPHRAGM 


FALSE TRUE 


Fic. 9.—The position of old suture material indicates whether the aneurysm is true or false. 


Incidence of Traumatic Aneurysms. Aneurysms of the heart that are the result of infarction and 
myomalacia are not uncommon, but aneurysms resulting from trauma (and this includes surgical 
incisions) are extremely rare if the scarcity of reported cases is any guide. They have been noted 
after non-penetrating injuries (Bright and Beck, 1935; Barber, 1944), but the interval between 
the injury and the opportunity for pathological study obscures the details of pathogenesis. Mos! 
articles about penetrating wounds are concerned with the recognition and treatment of acute cardiac 
tamponade, and few give late results. Even in times of war, cardiac aneurysms seem to havi 
occasioned little interest or concern, and there is no mention of them in Harken’s (1946) report or 
the late removal of 56 missiles from the heart and its environs, although it is stated that the onl) 
fragment that involved the left ventricle was found in a “‘small cystic myocardial hernia’’. 

An interesting left ventricular aneurysm was reported by Lyons and Perkins (1958). It wa 
partially calcified when its presence was first noted on an X-ray taken 12 years after suture of a stat 
wound which had penetrated the left ventricle. Two cerebral emboli provided the main indicatior 
for resection, successfully undertaken 21 years after the original assault. Another left ventricula 
aneurysm was the result of a surgical accident; in trying to split the lateral commissure of the mitra 
valve the surgeon’s finger slipped and perforated the ventricle from within. The laceration wa 
immediately repaired, but an aneurysm developed at the site within three months. Smith et ai 
(1957) have described how it was diagnosed and repaired. 
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A few aneurysms have occurred after deliberate surgical incisions. We have seen one in a boy 
aged 13 with Fallot’s tetralogy: after a closed pulmonary valvotomy five years previously, he came 
to operation for complete correction on 26/6/59, and when the heart was exposed the true aneurysm 
vas an unexpected finding. We are indebted to Mr. L. Fatti of Johannesburg (1959) for 
particulars of a second case, a young woman with Fallot’s tetralogy who, in 1951, had a 
pulmonary valvotomy at which Brock’s valvulotome and fenestrated dilator was used; and eighteen 
nionths later she was operated on again for an aneurysm which had developed at the site of the 
v-ntricular incision: this was a true aneurysm, with a circular neck about 3 cm. in diameter. A 
s ymewhat similar example was reported by Campbell eft a/. (1954): four months after closed 
pulmonary valvotomy for Fallot’s tetralogy, post-mortem examination disclosed a large aneurysm at 
t 1e site of the cardiotomy. A post-operative aneurysm of the right ventricle, though not an inci- 
s onal one, was described by McCord and Blount (1955): seven weeks after infundibular resection in 
a case of Fallot’s tetralogy a pulsating swelling was noted in the precordium and, at the subsequent 
cperation, a large thin-walled true aneurysm of the infundibular chamber was found. Derra and 
I oogen (1959) also reported a case in which a true incisional aneurysmof the right ventricle “‘ the size 
cfan apple” was resected: this was six years after a pulmonary valvotomy by Brock’s closed method. 

Aneurysms after ventriculotomy are equally uncommon on the left side of the heart. Segal 
et al. (1957) reported two after aortic valvotomy, diagnosed by X-ray and electrocardiography; 
tiere is no information as to type. The only other example we have been able to find is one reported 
ty Smith et al. (1957, Case 2), a false aneurysm in a 38-year-old woman who had had aortic stenosis 
relieved by the transventricular route, at the same time as mitral stenosis was treated by the left 
atrial route: an abnormality visible on X-rays taken early in the post-operative period was recognized 
as an aneurysm 18 months later and successfully dealt with. In another case an “aneurysmal dila- 
tation”’’ was discovered at necropsy on a woman who died ten months after partial valvulotomy for 
mitral stenosis (Smithy et a/. 1950); where the valvulotome had been inserted at the apex of the 
ventricle there was attentuation of the myocardium over an area 1-7 cm. in diameter, and the thick- 
ness at the centre was reduced to 3 mm.: this appears to have been an early stage of a true aneurysm. 

Healing of Wounds of the Heart. Wounds of the myocardium, like wounds of other specialized 
tissues lacking regenerative power, heal by fibrous union with the formation of a cicatrix. The pro- 
cess was studied in the left ventricles of dogs by Thomas and Ziffren (1952), and their findings, 
summarized below, were confirmed by Warren et a/. (1958). A constant feature of wound closure 
was a zone of necrosis within the suture line, and in the cases of wound rupture it was found that the 
sutures had produced considerable necrosis. In those wounds that did not break down granula- 
tion tissue rapidly invaded the necrotic muscle, completely replacing it in two or three weeks to 
produce a scar that at first was as thick as the wall of the ventricle. When the length of the incision 
was limited to 2 cm. attenuation of the scar did not occur to any great extent, but with wounds 3-4 
cm. long, which did not divide any visible blood vessels, broadening and thinning of the scar began 
within a month and progressed until the scar measured half or less of its original thickness. This 
process was most striking near the apex. In the healing of large incisions in the right ventricle 
Warren et al. (1957) were impressed by the areas of myocardial thinning that constantly occurred 
between the wound and the septum when the incision was made without regard to the branches of 
the right coronary artery. (In the dog, this artery supplies most of the right ventricle.) No 
aneurysms occurred during these experiments. Beck (1944) recounts how he tried, and failed, to 
produce aneurysms by localized crushing of the myocardium, and by ligation of a coronary artery. 

In man short incisions for the insertion of valvulotomes are made at sites selected to avoid blood 
vessels, and are carefully sutured afterwards. It is not surprising therefore that they nearly always 
heal well, and seldom give rise to trouble. 


FETIOLOGY 


False Aneurysms. In Case 1 the aneurysm was patently the result of staphylococcal infection of 
the suture line. The acute pulmonary and pleural reaction that developed soon after the operation 
H 
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points to the respiratory tract as the portal of entry, and the spread to the heart could have bec a 
direct or blood-borne. It seems probable that wound disruption occurred in the sixth wee ,, 
when the acute symptoms developed, and the thin and friable appearance of the sac walls at tle 
reparative operation supported this view. 

The two aneurysms reported by Smith et a/. (1957) were false and so, apparently, was that « f 
Lyons and Perkins (1958): these were attributed by the authors not to infection, but to faults 1 
the technique of suturing. Bailey er a/. (1958), who regard most if not all traumatic aneurysms ; 5 
false, believe that the fault lies in failure to place the sutures through the full thickness of the muscl: , 
thereby facilitating dissection. Thomas and Ziffren (1952) and Warren et al. (1958) conclude fro: 1 
their experiments that the best results are obtained by maximum apposition of the incised surface . 
There is no doubt that in suturing the ventricle this should be the aim; but failure to take the fu | 
thickness of the muscle is not entirely satisfying as an explanation of the disruption that gives rise t > 
a false aneurysm. In other situations, such as in bronchial closure or intestinal anastomosi , 
ischemic or infective necrosis is largely responsible for wounds giving way, and the same pathologic: | 
sequence occurs in the heart. One stitch badly placed or tied too tightly may cause excessive necros s 
and subsequent disruption of part of the wound. The break-down is an early occurrence, but the 
aneurysm to which it gives rise may not be discovered until much later. 

True Aneurysms. Reference has already been made to the presumption that traumatic aneurysnis 
are characteristically false, an opinion that cannot go unchallenged in the light of our experience 
and that of Smithy et a/. (1950). The aneurysms associated with coronary artery disease are sequels 
of infarction (Parkinson et al., 1938; Schlichter et a/., 1954) and we would suggest that infarction is 
also the antecedent of the traumatic true aneurysms, for in damaged hearts, interstitial hemorrhage 
and cedema following instrumentation may devitalize surrounding muscle fibres to produce a small 
area of infarction in the heart wall. 


We have seen one example of a proved infarct probably caused in this way. A woman fifty years of age 
underwent transventricular aortic valvotomy for severe calcific aortic stenosis, and died suddenly 12 days 
later. Autopsy showed the wound fairly well healed, and adjacent to it, although apparently not in direct 
continuity with it, an infarct measuring 25 mm. in diameter which involved the full thickness of the ventricular 
wall and the papillary muscle. The diffuse infiltration with mononuclear and plasma cells indicated that its 
age was comparable with that of the incision (Fig. 10). There was no coronary artery occlusion to account 
for the infarct. Segal et al. (1957) had a similar experience: an aortic valvotomy patient died suddenly 
two weeks after operation and necropsy revealed an infarcted area of myocardium around the cardiotomy, 
and no evidence of occlusion of the coronary vessels. 

They also mention another patient whose electrocardiogram immediately after transventricular aortic 
valvotomy showed the pattern of a large anterolateral infarct. Finally there is our third patient, who not 
only had electrocardiographic signs of an anterior infarct recorded on the first post-operative day (Fig. 6), 
but did subsequently develop a true aneurysm at the site of his cardiotomy. All these infarcts might be 
dismissed as embolic or coincidental but their close spatial and temporal relationships to ventricular trauma 
argues in favour of this as the proximate cause. 

The condition of-the heart before interference is of some importance as a predisposing cause. In aortic 
stenosis the muscle of the obstructed ventricle is notoriously unsound, often heavily infiltrated with fibrous 
tissue. In the patient reported by Smithy er a/. (1950) with mitral valve disease, who developed aneurysm.il 
dilation, it was noted at operation that the ventricle had a “‘ yellowish mottled appearance suggesting extensi'’e 
damage”. The myocardium may have been previously damaged in our patient with mitral stenosis, for s!1e 
had angina pectoris, and a positive electrocardiographic effort test. 

The intraventricular pressure is another factor to be considered in the production of both true and fal se 
aneurysms. On theoretical grounds a high pressure should favour the development of an aneurysm, and it is 
interesting to note that of the five right ventricular aneurysms reviewed above, four occurred in cases of 
Fallot’s tetralogy, in which the right ventricle usually operates at a raised pressure even after relief of t 1¢ 
pulmonary stenosis, if the ventricular septal defect is not closed at the same time. In the fifth case (Dera 
and Loogen, 1959), the right ventricular pressure remained high after pulmonary valvotomy as was shown it 
repeat catheterization. In both of our cases of aortic stenosis the final left ventricular pressures we °e 
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Fic. 10. Case F.K.—Section through the myocardial infarct showing necrotic 
heart muscle with young fibrous tissue infiltrated with mononuclear cells. 
H.&E.: x70. 


h.gher than normal, but in the patient operated on for mitral stenosis there was presumably no raised 
intraventricular pressure to assist the development of the aneurysm. 

The rate of growth of a cardiac aneurysm seems to be variable. A few cases of post-infarction aneurysm 
observed for from one to four years grew very slowly if at all (Parkinson et al., 1938). Smith et al. (1957) 
watched their two traumatic aneurysms increase in size within months, but that of Lyons and Perkins (1958) 
showed little alteration in nine years. The aneurysm in Case 3 had not appeared six weeks after operation, 
but by the 11th week it had reached the size at which it remained for the next 44 years. The impression is 
gained that traumatic aneurysms develop fairly quickly in the train of the injury, although subsequent enlarge- 
ment may be slow. 


DIAGNOSIS 


Clinical. In many cases a cardiac aneurysm produces no physical signs and in the remainder 
the signs are rarely diagnostic (Parkinson et a/., 1938; Schlichter et a/., 1954). Our third patient is 
an example of one with no clinical features to suggest the diagnosis. In our second, the rather 
diffuse apical pulsation and the apical systolic murmur were in retrospect undoubtedly produced by 
the aneurysm. In the first patient it seemed reasonable to suppose that empyema of the early post- 
operative period has recurred and broken through the chest wall to produce the precordial swelling: 
the pulsation was thought to be transmitted. 

Electrocardiographic. At the time the aneurysms developed there were no significant alterations in 
the electrocardiograms of the first two patients, although left ventricular hypertrophy in the first and 
digitalis in the second may have obscured T wave changes. In the third patient, with the resolution 
of the signs of infarction, the T waves over the left ventricle became upright again, and flattened only 
just before the second operation. This may be interpreted as an increase in left ventricular hyper- 
trophy or as myocardial damage associated with the aneurysm. McCord and Blount (1955) record 
convincing T wave inversion in leads taken over the aneurysm in the case they described, and in the 
two cases of Smith et a/. (1957) there were T wave changes that may have been due to myocardial 
damage. Diminution in the amplitude of the R waves or persistent S-T segment elevation did not 
occur in our patients or in any similar published case. This is in sharp contrast to the pattern seen 
in the chronic aneurysms due to coronary artery disease, where these changes in leads taken over the 
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aneurysm are constant features, and a dominant R wave in lead VRisnotuncommon. Myers et ‘/. 
(1948) attribute the R wave changes to an absence of modifying potential from the electrically - 1- 
active tissue overlying the neck of the aneurysm and the surrounding relatively inactive fibro ic 
ventricular muscle: they suggest that hypertrophy of the opposite wall produces, within t te 
ventricular cavity, electrical changes that are recorded unaltered through the electrically inacti ‘e 
area as S-T segment elevation. In traumatic aneurysms of the type described the neck is compa: 1- 
tively narrow, and we assume that adjacent relatively healthy muscle modifies cavity potential th is 
preventing S-T segment elevation and loss of R wave amplitude. 

The absence of the ‘‘characteristic”’ cardiographic changes therefore does not exclude a diagno: is 
of aneurysm: their absence in the presence of an aneurysm may be a favourable sign when surgery is 
being considered. 

Radiological. Radiology provides the only reliable means of diagnosing cardiac aneurysms ai d 
specialized techniques are frequently necessary. Accuracy of diagnosis is particularly desirable if 
surgical intervention is a possibility. 

A left ventricular aneurysm, true or false, appears on an X-ray film as a well circumscribed proje:- 
tion beyond the normal cardiac outline, seen best on a postero-anterior or slightly oblique view 
(Fig. 2c, 7b). In the lateral it appears as a separate rounded or oval shadow, partly or wholly super- 
imposed on that of the heart (Fig. 2d). These appearances are visible only if the cardiac shadow is 
clearly defined and unobscured by pleural effusion, basal pleural thickening, or elevation of the dia- 
phragm, conditions that are only too common after thoracic operations. A radiological diagnosis 
of aneurysm was therefore not possible in Case 1 (Fig. 1). Tomography might have helped to 
distinguish the heart shadow from the other structures and pleural fluid, but the only indication of 
anything unusual was the persistence of the “‘effusion’’, and this was consistent with the clinical 
diagnosis of empyema. The need for tomography becomes apparent when an abnormality is 
partially obscured by the overlying structures. In Case 2 the early stages of the aneurysm may have 
been concealed by the pleural effusion which did not clear until the patient had been discharged from 
hospital; the aneurysm showed plainly on the next film, taken five months later. In Case 3 the 
radiological abnormality was first noted eleven weeks after operation, and it remained unchanged 
for four and a half years. 7 

Aneurysm is suggested but not proven by the appearances described. In the differential diagnosis 
encysted pleuro-pericardial effusions, localized thickening of the pleura, intrapleural fibrin bodies, 
and organized intrapericardial blood-clot must be considered and excluded. Gradual increase in 
size strengthens a suspicion of aneurysm, but failure to do so does not exclude this diagnosis, e.g. 
Case 3. Systolic expansion observed on fluoroscopy, or on the permanent record obtained by 
cineradiography, is good evidence in favour of aneurysm (Fig. 3) but it will not be seen if the sac is 
thrombosed. Angiocardiography is the most convincing of the specialized techniques, for if 
contrast medium is demonstrated entering the bulge from the left ventricle, the diagnosis of aneurysm 
isestablished. True and false sacs cannot be distinguished, but the procedure may yield information 
helpful to the surgeon by showing the size of the neck and suggesting the presence or absence of clot 
seen as a filling defect. On the other hand where the sac is full of thrombus or the neck is very 
narrow insufficient contrast material may enter the aneurysm to show radiologically. 

Certain points may be mentioned in connection with the technique of angiocardiography. !n 
our cases rapid right atrial injection, with the aid of a Talley pump, of 60 ml. of 85 per cent hypaque 
through a large cardiac catheter (National Institute of Health cardiac catheter no. 9 blocked end sic ¢ 
hole) demonstrated the left ventricular aneurysms quite satisfactorily. It is important to realize th it 
opacification of the aneurysmal sac may be delayed, and late films should be exposed. Contrat 
material showed in its greatest concentration in the aneurysms after the bulk of the injection hi d 
passed through into the general circulation (Fig. 4). 

Other routes of injection have been recommended. Smith ef al. (1957) injected into the let 
atrium through a needle inserted in the back. This method may give better definition of the let 
ventricle than a venous angiocardiogram, but it must carry a greater risk. Percutaneous punctu e 





of th 
this n 
ii ane 
cuite 
js sus 


= 
acter 
r:lati 
t vely 
I righ 
] apy 
él of 
€ Tect 
\entr 
i icre: 
j1cre 
1958) 
inpo 


T 
cetai 
In Ce 
not b 
that 1 
were 
trans 
in su 
a 
even! 
with¢ 

T 
wall. 
aneu 
Thei 
repai 
but 2 

R 
defic’ 
(1955 
sectic 
musc 
Lyon 
In ar 
any I 
cour: 


T 


ism 
ion 
slot 
ery 


que 
ice 
hit 
ra st 
he d 


le ft 
let 
ue 











INCISIONAL ANEURYSMS OF THE LEFT VENTRICLE 101 


of the left ventricle and direct injection is described by Lehman (1959) who examined ten cases by 
this method without ill effect. However, this would appear to be a hazardous procedure especially 
ii aneurysms are likely to be encountered. We believe the right atrial route to be the safest, and 
cuite adequate for the purpose. It is a technique that could be used even if a leaking aneurysm 
is suspected. 
COMPLICATIONS 

Traumatic aneurysms are liable to the same complications as those associated with coronary 
a-tery disease, but too few have been reported to allow any firm conclusions to be drawn as to the 
r lative frequency. Rupture; an uncommon complication in non-traumatic cases, occurs compara- 
t vely frequently when trauma is the cause if one includes non-penetrating injuries (Groom 1897; 
I right and Beck, 1935; Gunewardene, 1934; Hawkes, 1935; Pitts and Purvis, 1947; and others). Case 
] appears to be unique in surviving. Cardiac failure was observed at one time or another in almost 
cil of the reported cases. It has been pointed out by Parkinson et al. (1938) that the hemodynamic 
¢ fects of an aneurysm resemble those of mitral and aortic regurgitation in that part of the left 
\entricular stroke volume does not pass into the systemic circulation and that diastolic filling is 
iicreased: hence, except when the aneurysm is small or thrombosed, the load on the heart is 
iicreased. Systemic embolism is a serious risk if the sac contains thrombus (Lyons and Perkins, 
'958). Although patients with traumatic aneurysms may survive for long periods the risk of 
i nportant complications appears to be sufficiently great to justify attempts at surgical cure. 


SURGICAL TREATMENT 


The methods that were successful in dealing with each of our cases have been described in 
cetailin the case reports. Exposure of an aneurysm involves the risk of catastrophic hemorrhage. 
In Case 1 a large blood-loss was foreseen. It was fairly certain that the defect in the ventricle would 
not be larger than the original ventriculotomy, but a difficult approach was anticipated from the fact 
that the aneurysm had burst through the chest wall rather than into the pleural cavity. Preparations 
were therefore made for rapid blood replacement, but the loss was smaller than expected, and arterial 
transfusion was not required. Special precautions for dealing with hemorrhage were not necessary 
in successfully treated chronic cases previously reported, nor in our Case 3, but in Case 2 with 
a comparatively large aneurysm of recent development, it was thought wise to be ready for any 
eventuality, and preparations were made for left ventricular bypass. The operation was completed 
without incident beyond the loss of only 400 ml. of blood. 

The object in operating onany narrow-necked aneurysm is to closesecurely the defect in the heart 
wall. In Case 1 this was achieved simply by resuture with catgut. In the chronic stage of a false 
aneurysm it may still be possible to resuture the ventricle as was shown by Smith et al. (1957). 
Their method involved the introduction of a finger into the sac to control hemorrhage during the 
repair. Bailey et al. (1958) suggest that there is little danger from emboli in traumatic aneurysms, 
but a finger in the sac must add to the risk of dislodging one, should clot be present. 

Resection of a true aneurysm leads to some reduction in the capacity of the ventricle, for a tissue 
deficiency has to be overcome. This is minimized by the operation described by Likoff and Bailey 
(1955) and Bailey et al. (1958) as “‘ventriculoplasty”. Fundamentally, it consists of subtotal re- 
section of the sac and use of the tough fibromuscular neck of the aneurysm rather than adjacent 
muscle for the occluding sutures. This was the principle used in each of our chronic cases and, as 
Lyons and Perkins (1958) showed, the same method may be used for the cure of false aneurysms. 
In any operation on an aneurysm occlusion of the neck at the earliest possible moment, and before 
any manipulation of the sac, reduces the risks of dislodging thrombus and of rupturing the sac in the 
course of further dissection. 


SUMMARY 


Three left ventricular aneurysms that developed at the sites of small surgical incisions are 
reported. Of these, one was false and two were true. All were successfully repaired. 
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The pathogenesis of traumatic aneurysms, true and false, is discussed. True aneurysms a 
ascribed to necrosis of a localized area of myocardium in the region of the cardiotomy. They a 
thus consequences of infarction and are in the same pathological category as the aneurysms th: 
complicate coronary heart disease. False aneurysms are believed to be the result of parti 
dehiscence of the suture line from infection, or strangulation of the wound edges by the stitches. 


graphy, and its value is stressed. 


discussed. 


encouragement and helpful criticism. Dr. David Lewes kindly referred Case 3. 
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The uncertainty of diagnosis by clinical and electrocardiographic means is mentioned. Radic - 
logical diagnosis is considered in detail with special reference to cineradiography and angiocardic - 


The complications of traumatic aneurysms are reviewed, and the principles of treatment ar > 


We would like to thank Mr. W. P. Cleland and Dr. J. F. Goodwin for allowing us to study these patients and fc - 
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CASE REPORTS 


CORONARY ARTERY EMBOLISM 
BY 


M. R. P. HALL AND W. C. D. RICHARDS 
From the Radcliffe Infirmary, Oxford 


Mitral valve disease with atrial fibrillation is undoubtedly the commonest cause of arterial 
e abolism (Wood, 1956). In any large series of living patients with mitral stenosis the incidence 
© systemic embolism may be 9 to 14 per cent (Sellors et al., 1953; and Wood, 1954). In many 
patients embolism is either multiple or recurrent, and in 1951 Daley et al. and Jordan et al. 
r ported 245 patients with rheumatic heart disease in whom there had been 489 episodes of arterial 
e nbolism: in none of these were the coronary arteries involved. Study of the reported cases shows 
tiat only 3 examples of coronary artery embolism associated with rheumatic heart disease have 
been reported (Rolleston, 1896; Cheng et al., 1953; and Segall and Harris, 1954). A further case 
is, therefore, described. 


Case Report 


A woman, aged 41, was first admitted to the Radcliffe Infirmary in 1947 as an emergency with a severe 
attack of breathlessness and palpitation. She had had rheumatic fever when 6 and chorea when 9, and 
complained of increasing breathlessness for three years. It was found that she had atrial fibrillation and 
clear signs of mitral stenosis. She was put on to strophanthus and discharged well. In November, 1949, 
she was re-admitted in heart failure. This responded well to digoxin, mersalyl, and rest in bed. She was 
re-admitted in 1955 for consideration of operation, but she refused this. 

She was finally admitted in 1958 with an arterial embolism of the right leg which had occurred about 
three hours previously. Forty-eight hours before she had had some left loin pain which radiated to the 
hypogastrium. On examination she looked extremely ill. She had mitral stenosis, atrial fibrillation, mild 
congestive heart failure, and albuminuria. The right leg was cold and discoloured and no pulses could be 
felt below the femoral. A right femoral embolectomy was performed, an embolus being removed from 
the femoral artery 2:5 inches (6 cm.) below the circumflex branch. Following the operation the colour of 
the leg improved, though the foot remained cold and pulseless. As no further improvement occurred during 
two weeks, an above-knee amputation of the right leg was performed. She made a good recovery from 
this operation and the stump was healing well when three weeks later, she complained of sudden severe 
substernal pain with radiation into the left arm. An electrocardiogram taken about ten minutes later 
showed changes compatible with anterior infarction in the standard leads and aVR:aVL, however, showed 
ventricular fibrillation (Fig. 1) and she died before any treatment to correct this could be given. 


At necropsy, the heart showed severe mitral stenosis with massive thrombus adherent to the endocardium 
of the left atrium and auricle. The foramen ovale was closed. The aortic valve cusps were slightly adherent, 
but neither the aortic nor the mitral valve showed evidence of vegetations or bacterial endocarditis. A 
greyish-red thrombus, 0-3 cm. in main diameter, was found loose in the proximal part of the main left 
coronary artery and could be seen at the coronary orifice (Fig. 2). No evidence of myocardial infarction 
was found and the coronary arteries were not atheromatous. Scars of old infarcts were present in the 
spleen and in both kidneys. A recent infarct was found in the left kidney. 

Histological examination of the tissues confirmed the macroscopic findings. The thrombus in the 
coronary artery was a recently formed antemortem thrombus, having a similar structure to the superficial 
parts of the left atrial thrombus. A section of the proximal part of the left coronary artery showed no 
evidence of adherent thrombus. 
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Fic. 2.—Photograph showing embolus in the mouth of left 
coronary artery. 


Discussion 


ligated the coronary arteries in dogs and rabbits and proved this speculation. 








Fic. 1.—Electrocardiogram taken ten minutes after the onset of sub-sternal pain, showing changes 
compatible with anterior infarction in standard leads and ventricular fibrillation in lead aVL. 


Occlusion of a coronary artery by an embolus is a dramatic event and, probably because of this, arouse 
considerable interest when it occurs. In the first half of the 19th century, Marshall Hall suggested tha 
sudden interruption of the coronary circulation would rapidly cause death. Taking this as his text, Erichsor 
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by other workers and possibly as a result, considerable confusion arose concerning the incidence of coronary 
embolism and thrombosis. Rolleston (1896) quoted Cohnheim as saying that cases are on record where the 
sole cause of death was embolism of the coronary artery. He pointed out, however, that these must be very 
rare since no example is recorded in the transactions of the Pathological Society. Marie (1896) stated that 
the only certain case of coronary embolism was that described by Virchow (1856). To Virchow must go 
the credit of describing the first case, but Marie’s statement is too sweeping, for Rolleston was well aware 
c° the occurrence of embolism associated with endocarditis. He quoted a case of myomalacia cordis due 
t embolism of the left coronary artery, which had been described by Hebb in the transactions of the Patho- 
gical Society; he also added that embolism of terminal twigs occurs in pyemia, giving rise to pyzemic 
a »scesses. 


The first detailed review of the condition was given by Saphir (1933). He described 3 cases of 
ts own and considered that only 11 of the reported cases were proven in that the source of the 
e nbolus was found at autopsy. The condition was next extensively reviewed by Hamman (1941), 
\ ho thought the condition was more common than generally realized and a conservative estimate 
cf the incidence may account for 1-2 per cent of all cases of occlusion. He quoted as a basis for 
t 1is statement the incidence of 14 cases of embolism occurring in 1542 cases of coronary occlusion 
c escribed in three separate reviews. Further, he was able to find 10 cases from the records of John 
tfopkins Hospital between 1931 and 1939. Hamman’s claim is not as unlikely as it first seems, 
t ough many subsequent authors stress the rarity of the condition and Walker (1952) says coronary 
embolism in bacterial endocarditis is unusual. 

However, Brunson (1953), reviewing coronary embolism in bacterial endocarditis, claims that a 
total of 155 cases have been reported and that 125 of these were due to bacterial endocarditis. 
He described 9 cases of bacterial endocarditis that he had studied and as 7 of these had emboli, 
he believed that coronary embolism was relatively common, if it was looked for. This is sup- 
ported by Cates and Christie (1951): in their review of sub-acute bacterial endocarditis, coronary 
embolism occurred 8 times among 164 episodes of major arterial embolism diagnosed during life. 
Out of the 89 autopsies held, infarcts were found in 10 cases and in 2 more the coronary artery was 
the site of an infected aneurysm or abscess. 

Hamman in his review gave six possible sources for emboli, viz.: (1) bacterial vegetations, 
(2) mural thrombus in the aorta (arteriosclerotic or syphilitic lesions), (3) intracardiac mural 
thrombi, (4) thrombotic material in a coronary artery, (5) thrombi in pulmonary veins, and (6) 
thrombi in peripheral veins (paradoxical embolism). The first has been discussed and the last 
three sources are all rare. The remaining sources are of some interest, and they account for at 
least 20 reported cases, the mural aortic thrombi being slightly the commoner. Many of the 
patients were young, i.e. under 35 years. Survival time varies: mostly death was sudden as in the 
case described, but some patients survived for up to 24 hours. The site of embolism was nearly 
always the left main artery or its anterior descending branch, a point that Rolleston mentions. 

The diagnosis of embolism must always be difficult to make and naturally in view of the com- 
monness of thrombosis it will rarely be considered. In the patient under 35 years of age it is, how- 
ever, worth bearing the diagnosis in mind for, if the patient can be got over the initial shock and 
ventricular fibrillation prevented, the possibility of embolectomy arises. It would seem to be the 
treatment of choice, but it is unfortunate from the surgical point of view that nature should decree 
that embolism almost always occurs in the more inaccessible artery. 


Summary 


A case of coronary artery embolism associated with atrial fibrillation, rheumatic heart disease, 
and arterial embolism is described. 

Reported cases are briefly reviewed and the rarity of the condition, except when associated with 
sub-acute bacterial endocarditis, stressed. The possibility of embolectomy is suggested. 


Our thanks are due to Dr. P. C. Mallam and Dr. A. H. T. Robb-Smith for permission to publish and to Miss P. 
Philpott, A.R.P.S., for the photograph. 
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FATAL MYOCARDIAL INFARCTION IN A YOUTH OF FIFTEEN YEARS 
BY 


J. SYME, AND W. S. A. ALLAN 
From the Royal Infirmary, Edinburgh 


Until comparatively recent times, coronary atheroma was widely regarded as a result of the aging 
p ocess. Increasing interest in the etiological factors of this disease has therefore tended to direct 
a ‘ention to its occurrence in younger patients, in whom, one might assume, factors other than age 
ae operative. It may be of interest to report the occurrence of fatal myocardial infarction in a 
y uth of fifteen years, who had also an anomaly of the coronary circulation. 

Case Report. A youth, aged fifteen years and eight months, was admitted to the Royal Infirmary, 
Eljinburgh. Shortly before, while running across a playing-field, he had complained of sudden, 
sx vere pain in his left upper arm, had vomited, and had rapidly become unconscious. For two 
weks he had experienced intermittent pain in the left upper arm both on exertion and at rest, 
a: companied by nausea and general malaise. Not long before that he had undergone a physical 
e: amination for entry to a Boys’ Service and had been passed fit. Before the present illness he 
was capable of strenuous exercise. 

On admission the patient had regained consciousness. He complained of sharp pain in the left 
upper arm and to a lesser degree across the precordium. He was of asthenic build but well nourished. 
His skin was cold and pale and his respirations shallow but regular. Radial pulses were equal and 
of poor volume, the rate being 40 a minute, the rhythm regular. Blood pressure was 98/70 mm. 
Hg. Heart sounds were faint and no murmurs were audible. There were no stigmata of Marfan’s 
syndrome, and no other abnormality was found on physical examination. A cardiogram showed 
elevation of the S-T segments in leads II, III, and aVF, the S-T segment being depressed in the 
anterior chest leads, changes indicative of acute posterior myocardial infarction. Shortly after this, 
the patient, who was showing slight clinical improvement, suddenly died. 

Necropsy Report. The abnormal findings were confined to the coronary arteries. The heart 
weighed 310 g. and was of normal shape and size. There were no congenital abnormalities involving 
the chambers or valves. Multiple sections through the ventricles revealed two tiny foci of fibrosis 
in the lateral wall of the left ventricle. There was no endocardial fibrosis or sign of infarction on 
naked-eye examination. 

Coronary Arteries (Fig. 1 and 2). The two chief findings were (i) right coronary artery 
thrombosis superimposed on a thick plaque of atheroma close to the origin of the vessel; and (ii) an 
anomalous circumflex artery arising from the anterior sinus of the aorta (the ostium on the right in 
Fig. 2) and running laterally in the atrioventricular groove, before taking its usual course over the 
lateral aspect of the left ventricle. 

Fig. 2 shows three ostia in the anterior sinus. That on the left represents an insignificant accessory 
coronary artery, and that in the centre the right coronary artery which was predominant and of normal 
distribution: this artery was narrowed by a thick fatty atheromatous plaque for the first 11-5 cm. 
of its course, but beyond this its wall was normal. Reference has already been made to the third 
ostium. The left coronary artery apart from the absence of its circumflex branch and its relatively 
small size was normal. The anomalous circumflex vessel was also free from atheroma. 

Microscopic Examination. Several microscopic foci of healing infarction were present in the 
muscle of the left ventricle. In these areas groups of muscle cells have been replaced by loose 
connective tissue, capillaries and microphages. All foci were at the same stage of healing and were 
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Fic. 2.—Anterior aortic sinus, showing three ostia. 


estimated to be 7-14 days old. Elsewhere, the myocardium of the left ventricle showed in the area 
indicated by the electrocardiographic changes more diffuse evidence of very recent infarction in tle 
form of patchy eosinophilia and blurring of the outline of individual muscle fibres. 

Section of the right coronary artery showed eccentric thickening of the wall by a typical ather« - 
matous plaque. The lumen was much reduced in size and, at one level, was almost complete’ y 
occluded by thrombus showing signs of early organization. 
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Blocks from the left coronary, the circumflex, and the middle of the right coronary arteries were 
also examined. All showed early degenerative changes, consisting of mild subintimal thickening 
Cue to increase of collagen and metachromatic ground substance. Focal disruption of the internal 
e'astic lamina was another indication of early arterial degeneration. No sub-intimal lipid deposits 
vere present. The vessels in other organs were also examined but no abnormalities found. 


Comment 

Congenital anomalies of the coronary arteries of clinical significance are uncommon. The 
a1omaly most frequently recorded and of the greatest clinical importance is a left coronary artery 
‘ising from the pulmonary artery. Low oxygen tension of the blood transmitted by this vessel 
ay lead to degeneration and fibrosis of the left ventricular myocardium. Origin of the right 
yronary artery from the pulmonary artery is apparently of less clinical importance. The explanation 
f the latter fact may be the relatively lower oxygen requirements of the right ventricular myocardium 
¢ad the lower pressure in that chamber. Origin of both coronary arteries from the pulmonary 
ectery has seldom been described: two cases survived only ten days after birth. Origin of an 
¢ ocessory coronary artery from the pulmonary artery appears to be of no clinical significance. 

Anomalies of number and of distribution are more common and are rarely of clinical importance. 
:,nomalous origin and course of the left circumflex coronary artery, with absence of a circumflex 
| ranch of the left coronary artery was described in a series by Antopol and Kugel (1933). Four 
~utopsies revealed such anomalies, and occlusion of the right coronary artery was found in one of 
t1em at the site described in the case under discussion. This anomaly was also recorded by White 
end Edwards (1948) who found it in 4 out of 600 men’s hearts examined at autopsy. Such a con- 
genital defect does not appear to result in impairment, quantitative or qualitative, of the blood supply 
to the myocardium. After running laterally in the atrio-ventricular groove the anomalous vessel 
generally follows the normal course and distribution of the left circumflex coronary artery. 

That coronary atheroma can occur in early youth is indicated by the repart of Enos et al. (1953). 
In their autopsies on 300 U.S. service men killed in action in Korea, coronary arteriosclerosis 
varying in severity from subintimal thickening to complete occlusion of one or more vessels was 
found in 77 per cent. The average age of their series was 22 years, the youngest being 18 years 
old. The authors comment on the frequency and severity of atheromatous lesions at the sites of 
bifurcation, particularly where the angle of bifurcation approaches a right angle. They attribute 
the frequency of lesions at such sites to the eddies set up. It is difficult, however, to see how such 
observations can be relevant to the case described, in which occlusion took place in the right coronary 
artery which was not affected by the congenital anomaly. 

It is difficult to dismiss as coincidental the association of an uncommon congenital anomaly of 
the coronary arteries with coronary atherosclerosis, thrombosis, and infarction in so young a subject. 
The authors, however, can suggest no causal relationship. 


Aa Arm 4 


Summary 
A case is described of fatal myocardial infarction in a youth of fifteen years, in whom at autopsy 
coronary atherosclerosis, thrombosis, and infarction were demonstrated, and in addition, anomalous 
origin of the circumflex branch of the left coronary artery. 


Acknowledgments are due to Dr. J. D. S. Cameron, Physician in charge, for permission to publish this case, and 
to Dr. M. F. Oliver for his encouragement, criticism, and advice. 
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FALLOT’S TETRALOGY WITH SOME FEATURES OF MARFAN’S SYNDROME AN ) 
SURVIVAL TO 58 YEARS 


BY 
A. S. ABRAHAM, M. ATKINSON, AND W. M. MITCHELL 


From St. James’s Hospital, Leeds 





This report describes a woman with Fallot’s tetralogy who led a moderately active life and 
survived to 58 years of age. It is of interest primarily on account of the long survival but also 
because of the association of stigmata of Marfan’s syndrome. 































Case Report 


At the age of 19 years, being destitute, this patient was admitted to the workhouse where she was found 
to be mentally retarded and partially blind. A loud systolic bruit heard in the precordium led to the 
diagnosis of congenital heart disease. Although remaining in institutions for the rest of her life, she worked 
as a ward maid and led a physically active existence for the next 25 years. At the age of 50 an attack of 
bronchitis was followed by persistent cyanosis and dyspnoea. Thereafter she suffered from recurrent chest 
infections, increasing cyanosis, and progressive impairment of exercise tolerance. Her final admission to 
hospital in December 1958 was on account of pleuritic pain in the left side of the chest, cough, and severe 
breathlessness of two weeks’ duration. 

Examination showed a deeply cyanosed, moderately dyspneeic, middle- aged woman who had gross finger 
clubbing, arachnodactyly, and a high arched palate. Vision was defective and the optic fundi could not be 
seen clearly, although each cornea appeared normal. Ankle and sacral cedema were present. The pulse 
was 112 a minute and of small volume and the blood pressure 140/90. The cardiac impulse was diffuse and 
a loud systolic murmur and thrill were present in the pulmonary area. A short diastolic murmur was audible 
in the left second and third interspaces. The chest was of emphysematous configuration: rhonchi were 
audible in all areas with numerous medium crepitations at the lung bases and a pleural friction rub in the left 


axilla. | 

The chest film (Fig. 1) showed cardiac enlargement with a shadow of the right-sided aortic arch projecting Int 
from the upper mediastinum on the right side. The lung fields were conspicuously clear. The electro- hyp 
cardiogram showed tall P waves and evidence of right ventricular hypertrophy. be f 


Treatment with antibiotics failed to control the chest infection. Her condition steadily deteriorated and 
she died ten days after admission. _ 
Post-mortem Examination. The significant findings were as follows. 


Heart. Weight 450g. The right ventricular wall was hypertrophied and measured 1-0 cm. in thickness; the 
the left ventricle was normal in thickness (1-2 cm.). There was considerable dilatation of the right atriun: wh 
but no atrial septal defect. Fla 

Pulmonary Artery and Valve. In place of the normal valve cusps, there was a thick conical diaphragm o° 42° 
firm white fibrous tissue, in the centre of which was a circular perforation, 0-5 cm. in diameter. The narrov oth 
end of the conical diaphragm pointed away from the right ventricle. Several small nodules of calcificatio: (19 
were found on the superior aspect of the conical valve. The main pulmonary trunk did not appear narrowed any 

Although the aorta was not dilated, there was slight dextrorotation with over-riding of the right and let abl 
ventricles (Fig. 2). In association with this malformation, was a high ventricular septal defect, measurin; abl 
approximately 1-0 cm. in diameter. The aortic arch took its course over the hilum of the right lung, an age 
is visible in Fig. 1. The main branches of the arch were also abnormal in position, both subclavian arterie 
arising from a common trunk on the right side, the left subclavian passing behind the esophagus. Th aut 
common carotid arteries arose separately from the ascending aorta. bui 

The cusps of the tricuspid, mitral, and aortic valves appeared normal. The coronary arteries wer dis! 
normal in position, and showed minimal atheroma. art 

The significant findings in the other organs were bronchopneumonia involving each lower lobe, a sma! me 
focus of cerebral softening, 1-5 cm. diameter, in the left frontal lobe, and generalized arteriosclerosis. 

Histology. In view of the many reports of the occurrence in Marfan’s syndrome of cystic medial necrosi bee 
in the aorta and the pulmonary artery (McKusick, 1955), these two structures were examined histologically ste: 
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Fic. 1.—Chest film, showing an arrow pointing to the Fic. 2.—The heart opened to demonstrate features 
right-sided aotric arch on the right of mediastinal of Fallot’s tetralogy. The black rod (A) runs 
shadow. from the left ventricle to the aorta. The trans- 


parent rod (B) runs from the right ventricle 
to the aorta. The white rod (C) passes through 
the ventricular septal defect from right ventricle 
to left ventricle. The narrow rod (D) runs 
through the conical and stenosed pulmonary 
valve. 


In the pulmonary artery there was patchy fragmentation of the internal elastic lamina with overlying intimal 
hyperplasia: the elastic fibres of the media were also fragmented, but no areas of mucoid degeneration could 
be found. Apart from intimal hyperplasia, no abnormality could be seen in the wall of the aorta. 


Discussion 


The majority of patients with Fallot’s tetralogy do not survive to adult life and Abbott (1936) estimated 
the average age at death to be 12 years. However, one of Fallot’s patients lived to 36 and several patients 
who have reached the 4th and 5th decades have since been recorded (East and Barnard, 1938; Volini and 
Flaxman, 1938; Middleton and Ritchie, 1947; and Wood, 1956): the oldest patient in Wood’s series was 
42 years. Bedford (1956) reported the cases of two women, of whom one had died at the age of 52 and the 
other was still living at this age, Campbell (1958) described a woman still living at the age of 53, Strandell 
(1939) recorded one who lived to the age of 56, and Brumlik (1937) mentioned survival to 60 without giving 
any further information. The oldest patients with Fallot’s tetralogy about whom clinical details are avail- 
able were a noted American musician, who reached the age of 59 (White and Sprague, 1929), leading a reason- 
ably active life until shortly before his death and making several tours abroad; a woman who lived to the 
age of 64 (Marquis, 1956); and a man who was active till 3 years before his death at 69 (Bain, 1954). 

McKusick regards Marfan’s syndrome as a defect of some element of connective tissue inherited as an 
autosomal dominant. It is characterized by abnormalities principally affecting the skeleton (a tall slender 
build, muscular hypotonia, arachnodactyly, high arched palate, and dental deformities), the eyes (notably 
dislocation of the lens) and the cardiovascular system (cystic medial necrosis of the aorta and pulmonary 
artery, septal defects, and valvular abnormalities). Incomplete forms of the syndrome may occur in various 
members of affected families (Whittaker and Sheehan, 1954). 

So far, only three possible cases of Fallot’s tetralogy associated with features of Marfan’s syndrome have 
been reported. Van Buchem (1958) described a boy of 16 years with arachnodactyly, slight pulmonary 
stenosis, and a small ventricular septal defect. who was studied clinically and by cardiac catheterization. 
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McKusick (1955) described two cases of Fallot’s tetralogy associated with arachnodactyly and oth:r 
skeletal abnormalities, but neither had ectopia lentis nor a family history of Marfan’s syndrome. 
appears to correspond with those of McKusick in that the presence of Fallot’s tetralogy and skeletal abn« r- 
malities were not in doubt: although an ocular abnormality was present, unfortunately, its exact nature w is 
not determined, nor was information about the family history available. 


syndrome could not be fully substantiated. 


We wish to thank Mr. J. Hainsworth for the photographs. 
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CARDIOLOGICAL OBSERVATIONS AT THE SIXTH BRITISH 
EMPIRE AND COMMONWEALTH GAMES 


BY 


F. W. BESWICK AND R. C. JORDAN 


From the Physiology Department, University College of South Wales and Monmouthshire, Cardiff 
Reczived September 30, 1960 


The staging of the Sixth British Empire and Commonwealth Games at Cardiff in 1958 presented 
tie opportunity for extension of an electrocardiographic study of the normal young man to include 
tie changes that might result from intensive athletic training. A previous investigation (Jordan and 
Eeswick, 1958) designed to establish the limits of normality for cardiac spatial electrical phenomena, 
a; recorded by an orthogonal lead system based on the lead field theory of McFee and Johnston 
(.953, 1954a and 5), had shown that, while about 85 per cent of normal subjects constituted a com- 
pact homogeneous population, the remainder demonstrated individual characteristics. It was, 
therefore, of interest to determine whether, or to what extent, a population of first-class athletes 
differed from the untrained both as a group and in the incidence of individual peculiarities. 

Relatively little research has been attempted in the past at international athletic meetings, 
largely due to language difficulties, the paramount importance of avoiding interference with training 
schedules, and the natural suspicion of competitors and coaches that even the most innocuous 
procedures might adversely affect subsequent physical performance. At the Empire Games language 
difficulties were minimal and the other factors did not prevent 60 male competitors from readily 
volunteering for cardiological study. 

The few electrocardiographic investigations that have previously been carried out on athletes 
have made use only of conventional clinical leads, chiefly for determination of the Einthoven 
triangular (RLF) plane vectors, and the results have not usually been analysed statistically. Since 
it is now known that the major electrical forces are oriented antero-posteriorly, RLF plane studies 
are inadequate to reveal more than a small fraction of spatial activity. The orthogonal approach 
used in the present survey, however, has allowed a more quantitative assessment of myocardial 
electrical phenomena and correlation with mechanical cardiovascular events. 


METHODS 


Each volunteer was encouraged to relax emotionally by watching the experimental procedure 
performed on another subject and then to relax physically lying supine on a couch with the head- 
rest raised by 10°. 

Using an Elema Elmqvist Mingograph type 23 direct-writing electrocardiograph, the standard 
limb leads I, II, and III and augmented voltage leads aVR, aVL, and aVF were first recorded 
at normal paper speed. Then scalar tracings were obtained at fast-speed (100 mm. a second) from the 
orthogonal leads of the lead field technique previously described (Jordan and Beswick, 1958), and 
the corresponding planar loops photographed from the screen of a Sanborn Vectorscope using a 
Cossor camera (Model 1428) on Kodak R60 35-mm. film. The lead selector switch of the instru- 
ment had been modified to permit the input of three independent bipolar leads. The electron 
beam was interrupted every 0-0025 sec. 
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To eliminate variation due to sinus arrhythmia, the mean heart rates and time intervals for ea ch 
subject were calculated from 15-20 cardiac cycles on the fast-speed records. 

Vectorial analysis of the limb lead tracings was carried out in the traditional manner by plotti 1g 
the mean algebraic sums of complex deflections from six cycles on the Einthoven reference frar e. 
For the lead field data the planar vector angles were obtained by directly estimating the ar¢ as 
(microvolt-seconds) enclosed by the complexes and plotting them on rectangular co-ordinat s. 


The corresponding spatial vector magnitudes (M) were calculated from the formu a, 
M=V a?+b2+c? where a, b, and c are the projections on to leads A, B, and C respectively, and t ie 


spatial angle between QRS and T from 





; (dars X 47) + (bors X br) +(Cors X Cr) 
cos / (QRS-T)= 
ZQ ) Mors x My 


For the presentation of vector angles and loops we have followed the notation of Helm (1955) 
for the three planes, as illustrated in Fig. 1. 


FRONTAL HORIZONTAL SAGITTAL 


SUPERIOR POSTERIOR SUPERIOR 


270° 


270 
RIGHT al LEFT POSTERIOR lO oe 
90" : 90° 


INFERIOR ANTERIOR INFERIOR 


Fic. 1.—Orientation of planes and axes for description of loops and vector angles. 


RESULTS 


For analysis of heart rates, time intervals, and the qualitative assessment of vector loops, the 
results from all 60 athletes have been compared with the 47 normal students of a previous study 
(Jordan and Beswick, 1958). As in that study 8 of the 47 subjects had vectorial characteristics 
that separated them from the main homogeneous group, so 5 of the 60 athletes had quantitative 
features that lay outside the normal limits of variability to be expected from the means and distri- 
butions of important parameters. Consequently, for vectorial analysis, the 55 athletes of the homo- 
geneous group have been compared with the corresponding population of 39 students and the 
unusual patterns of the other 5 examined separately. 

The athletes were further sub-divided into a so-called “long-distance”’ group (1 mile and over) 
and a “short-distance” group (sprint, field events, ring events, etc.), the arbitrary division being 
made on the basis of endurance required for the competitive event, although it was realized that 
since, for example, the boxers’ training involved long-distance road work the distinction wes 
artificial. 


Heart Rates 


The mean resting supine heart rates and their distributions for the control group of 47 studen s 
and 60 athletes are shown in Fig. 2. The mean rate for all athletes was lower than for the contrc s 
by 8 beats a minute (t=3-6, P<0-01). When divided according to competitive event, the “sho -- 
distance”’ men had a mean rate (65) that did not differ significantly (t=1-9, P=0-05) from that of 
the untrained subjects, while the “long-distance” competitors with a mean value of 60 showed, s 
expected, the greatest difference from the controls (t=3-8, P<0-01). 
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47 UNTRAINED 60 ATHLETES 
STUDENTS ALL EVENTS 


: MEAN _ MEAN 
SDI S.D.12 


50 60 7 80 90 100 110 40 50 60 70 80 


31 ATHLETES 29 ATHLETES 
ONG DISTANCE EVENTS — SPRINT, FIELD, RING EVENTS 


~ oe 
S.D.12 S.D.1 


40 50 60 70 80 90 40 50 60 70 80 90 


Fic. 2.—Distribution of resting heart rates for untrained students and athletes. 
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Fic. 3.—Typical examples of lead B scalar tracings for the athletes, showing a gradation of T complex pattern from the 
monophasic type (1, 2, and 3) usually encountered in the untrained to the diphasic type (7, 8, and 9) characteristic 
of approximately one-third of the athletes. 
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Qualitative Assessment of Athietes’ Scalar Electrocardiograms 


Rhythm. Sinus arrhythmia was present in 38 of the 60 athletes and 2 showed occasional sup :- 
ventricular extrasystoles. 

P Wave. The only peculiarities noted were that in lead C the voltages of 9 subjects tendec o 
be unusually high and 2 had P wave inversion in that lead. 

QRS Complex. The limb leads showed right axis deviation in 16 competitors and left in ’, 
of whom 3 had this feature to an extreme degree. The lead field frontal plane scalar traci: ‘s 
confirmed these findings. Notching was frequently observed, 42 subjects having it in at least c 1¢ 
lead, most often in leads III, B, and C, in that order. 

T Wave. In approximately one-third of the athletes the T wave contour in lead B diffe: d 
from that commonly seen in untrained adults. It was of a plateau-type with occasionally a disti <t 
terminal component below the iso-electric line. Examples of these uncommon T forms are compa. :d 
with the usual type in Fig. 3. 


Lead Field Planar Loops 


QRS Loop. Thirty-three competitors (Group A) gave loops that were similar in shape to those 
of the students (Jordan and Beswick, 1958) but often with increased initial anteriorly-direcied 
electrical activity (see Fig. 4). The remainder were quite different but appeared to be of three 
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Fic. 4.—Typical planar vector loops for the athletes, showing the usual patterns (1 and 2), the crescentic form of T 
loop in the horizontal and sagittal planes (3 and 4), and loss of postero-inferior electrical activity in the sagittal 


plane (5 and 6). 
main types. In group B (11 subjects) there was loss of postero-inferior activity so that the sagittal 
plane loop had not its usual wide oval outline but was more pointed inferiorly, while the horizontal 
plane was concave posteriorly. Twelve subjects had QRS loops intermediate in form between 
those in Groups A and B. The remaining four yielded individually characteristic QRS loops 
that differed fundamentally from the other 56, as shown in Fig. 5 (1-4). 

T Loop. In parallel with the observations quoted above on the scalar T wave contour, the 
loops of about 35 per cent of the athletes differed from those commonly found in the untrain 
since they were crescentic with the proximal portion oriented normally while the distal portion w 
directed more posteriorly. Of the 33 subjects in Group A above, 11 showed this curvature to 
greater or less degree while only | of the 11 in Group B showed it. It was also seen in 8 of ti 
remaining 12 subjects in the “intermediate” group, in one of whom (see Fig. 5 (5)) the curvatu 2 
was so extreme as to give the whole loop a predominantly posteriorly-directed axis. 
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HORIZON TAL 


Fic. 5.—Planar loops of five athletes described separately in the text as possessing unusual features. 


P-R Interval. 
in Table I. 


TABLE I 


Scalar Time Intervals 


‘ 


The mean values for P-R interval in lead A for the athletes and students are given 
No significant differences exist between the means of any of the groups but the scatter 
of observations was greatest among the long-distance runners. 


Six subjects, 3 students and 3 


MEAN TIME INTERVALS, WITH THEIR STANDARD DEVIATIONS, FOR STUDENTS AND ATHLETES (LEAD A) 

















| 
Untrained | All athletes | Short-distance Long-distance 
students | athletes athletes 
Number of subjects | 47 60 29 | 31 
P-R interval 0-15 sec 0-15 sec. 0-15 sec 0-15 sec. 
S.D. 0-027 0-028 0-024 0-033 
QRS duration 0-08 sec 0-08 sec. 0-08 sec 0-08 sec. 
S.D. 011 0-012 0-010 0-013 
T complex time 0:29 sec. 0-32 sec. | 0-31 sec 0-34 sec. 
S.D. 0-031 | 0-042 0- 0-039 





marathon competitors, had P-R intervals exceeding the commonly accepted normal upper limit 


of 0-20 sec. and one marathon runner had the abnormally low value of 0-08 sec. 


No correlation 


was demonstrated between the P-R interval and duration of the cardiac cycle (R-R time) in the 
students or athletes, the respective values for r being —0-03 and —0-05 with probabilities of 0-8 


and 0-7, 
QRS Duration. 





The mean values for QRS duration given in Table I indicate no differences 
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between the various groups. The correlation coefficients for QRS duration and R-R time sh w 
significant negative correlation (r= —0-46, P<0-01) in the case of the long-distance athletes, 
not in the other two groups (students: r=—0-02, P=0-9; short-distance athletes: r=—0- ° 
P=0-6—0-7). 

T Complex Time. The durations of the T complex [(S-T)+T] for students and athletes 
also presented in Table I. There was a mean increase of 0-03 sec. in the athletes as compared w 
the untrained (t=4-1, P<0-01). When the athletes were subdivided a difference of +0-03 s >. 
appeared between the long- and short-distance groups (t=2-9, P<0-01) but the difference betwe 1 
the short-distance competitors and students was of doubtful significance (t=2-4, P=0-01—0-0 
A positive correlation was noted between T complex time and cardiac cycle length for all subjec 
the correlation coefficients being +0-65 (t=5-8, P<0-01) and +0-82 (t=10-9, P<0-01) respective y. 
The corresponding regression equations 

T complex time=0-160(R-R)+0-151. For students. 
T complex time=0-168(R-R)+0-152. For all athletes. 


do not differ significantly (t=0-25, P=0-8), i.e. the T complex time bears the same relation to R-2 
in both groups. 


es ao 


7 


< 


Vectorial Analysis 


The RLF plane vector angles calculated from leads I and II are given in Table II. No significant 
differences were found between the values for QRS, T, or QRS-T angles for students and athletes 
[QRS: t=0-82, P=0-4; T: t=1-21, P=0-2; QRS-T: t=0-17, P=0-8—0°9]. 


TABLE II 


MEAN RLF PLANE VECTOR ANGLES FROM LEADs I AND II AND LEAD FIELD FRONTAL PLANE ANGLES 
WITH THEIR STANDARD + eat 


a 

















] 4 
Students [ 4 Athletes 
| ars | T | /QRST ma | Tf QRS-T 
RLF plane .. =... | 68°(21)_ | 40° (22) |[ +29° Ps) | 64°24) | 35°17) | +29° 27) 
RLF plane values converted ears | 
to frontal plane by isosceles | 
triangular reference frame 60° (18) | S55°(14) | =+5° @1) 56° (18) | $2°(i1) | +4° (19) 
Lead field frontal plane 60° (16) | 55° (14) | +5° (19) 57° (18) | 49° (13) | +8° (22) 








It has been shown previously (Jordan and Beswick, 1960 5) that for the students the RLF plane 
vector angles can be converted closely to the corresponding lead field frontal plane angles by using 
a special right-angled isosceles triangular reference frame. The values presented in Table II demon- 
strate that this conversion can also be applied to the athletes. 

The lead field mean vector angles for both frontal and horizontal planes can be compared in 
Table III. There is no real difference between the QRS angles in the frontal plane for the untraine:! 
and all the athletes treated together, but the long-distance competitors have a more transverse ax 5 
than the short-distance by about 10° (t=2-4, P=0-01—0-02). Similarly the mean frontal plan: 
T angle for all athletes was more transverse than for the students (t=2-09, P=0-02—0-05), th 
difference being greatest with the long-distance runners. The ventricular gradient (VG) in thi 
plane followed the same pattern and was most horizontal in those athletes indulging in the mos 
sustained effort. The relative positions of QRS and T in the frontal plane (QRS-T angle) were no 
affected by athletic training. 

The greatest vectorial angular differences occurred in the horizontal plane where the athletes 
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TABLE III 
LEAD FIELD PLANAR AND SPATIAL MEAN VECTOR ANGLES WITH THEIR STANDARD DEVIATIONS 





Students All athletes Short-distance | Long-distance 














athletes | athletes 

umber of subjects .. .. .. | 39 55 26 ee 
S| Baile ny aed 60° (16) 57° (18) 63°(13) | 52° (20) 
2 heat 55° (14) 49° (13) 50° (14) 48° (12) 
p ane Pees ree 58° (11) 54° (10) 57°(10) | 51° (10) 

‘pear +5° (19) +8° (22) +13°(20) =| = 44° (22) 

a. Gel ts 299° (19) 338° (44) 342° (47) 334° (40) 
7 A; See eee 70° (10) 66° (14) 68° (12) 63° (16) 
rane BO ic iym we amie 50° (16) 53° (20) 54° (20) 52° (19) 

I aici ee ro +131° (23) +87° (43) +86°(45) | +88° (41) 
$ vatial ee +100° (17) +74° (32) +73°@28) | +75° G4) 





r.ean QRS vectors were directed more anteriorly than those of the untrained by about 40° (t=5-17, 
F <0-01) and all athletes were affected to the same extent. Since the T vector angles in this plane 
cid not differ with training, the large decrease of 44° in QRS-T angle for the athletes (t=5-77, 
F <0-01) was a consequence of the more anterior location of QRS in conjunction with the narrower 
satial QRS-T angle in the trained subjects (see Fig. 6). Despite the change in spatial direction 
of QRS, the orientation of the ventricular gradient remained constant and in each plane the values 
for students and athletes did not differ significantly. 


39 
UNTRAINED - 
STUDENTS 3 
ATHLETES ATHLETES 
yp By =“) LONG DISTANCE 
EVENTS 





° 


MEAN 100 7Z 75 
SD 17 28 34 


Fic. 6.—Distribution of spatial QRS-T angles for untrained students and athletes. 


In Table IV are given the corresponding spatial vector magnitudes. The value for QRS cal- 
culated in the usual manner by algebraic summation of scalar areas was unaffected by athletic 
training but the “total QRS” magnitude derived from arithmetic summation, irrespective of 
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TABLE IV 
MEAN LEAD FIELD SPATIAL VECTOR MAGNITUDES (IN MICROVOLT-SECONDS) WITH THEIR STANDARD 
DEVIATIONS 
Students All athletes Short-distance Long-distance 
athletes athletes 
QRS at ox 34 (14) 30 (9) 28 (9) 31 (8) 
“Total QRS” ne 53 (15) 43 (10) 38 (8) | 48 (9) 
: et me on 80 (24) 90 (32) 71 (22) 106 (31) 
Wee és - as 82 (25) | 101 (33) 83 (23) 118 (31) 





T/“Total QRS” .. 1-6 (0-6) 2:1 (0:8) 1-9 (0-6) 2:4 (0-95) 





relation to the isoelectric line (see Jordan and Beswick, 1958), showed considerable variation. This 
magnitude for the short-distance group was lower than for the students (t=4-63, P<0-01) and for 
the long-distance competitors (t=4-16, P<0-01). The spatial T vector magnitude for the long- 
distance men was greater than for the short-distance (t=4-69, P<0-01) and untrained subjecis 
(t=3-86, P<0-01). Similar relations obtained for the ventricular gradient magnitudes. 

The ratio of spatial T magnitude to “total QRS” was the same for students and short-distance 
athletes but was increased by nearly 50 per cent for the long-distance runners due to the increase 
in magnitude of T. 


DISCUSSION 


Heart Rates. Little conclusive information is available concerning the effect of athletic training 
on resting heart rate. The assertion of Cureton (1951) that “a well trained athlete has a lean, 
strong heart which gives a full stroke range and slow beat” is opposed to the view of Brouha and 
Heath (1943) who denied that there was any correlation between basal pulse rate and physical 
fitness for strenuous exercise. The opinion of Cotton (1932) that “‘no data have been published 
giving the exact status of a series of athletes and their respective pulse rates’’ remains broadly 
true today. 

Studies on the recumbent pulse rates of large numbers of normal untrained subjects are scanty. 
The major more recent studies on non-athletes have been carried out on military personnel. 
Schneider and Truesdell (1922), reporting on 2000 male Air Force recruits, gave a mean reclining 
pulse rate of 74 (S.D. 10) and Graybiel et a/. (1944) investigated 1000 similar subjects and obtained 
a mean of 64a minute. In 1943, Brouha and Heath determined the recumbent rates for 252 un- 
selected college students and found a mean of 66 (range 40-100). The overall mean for the 3252 
young men of these three surveys was identical with the mean for the control group of the present 
study (70, S.D. 11). 

Some of the earliest investigations on the pulse rates of world-class athletes were those of Bram- 
well and Ellis (1930) and Hoogerwerf (1930) at the Amsterdam Olympic Games in 1928. The latter’s 
mean result for 260 sitting subjects, who included many short-distance runners, ring competitors, 
etc., was 50 beats a minute; while Bramwell and Ellis’s value for 108 runners, cyclists, and weigh‘ - 
lifters was 65: if this last series is divided to correspond to our long- and short-distance groups, 
the mean rates become: long, 60 and short, 69. These results are not directly comparable wit 
ours because of the difference in posture but if allowance is made by reducing Bramwell and Ellis’ 
value by 7, which was the mean decrease on changing from the sitting to the recumbent postur : 
observed by Brouha and Heath (1943), they are then in reasonable agreement with the Empir : 
Games data. 

The mean resting heart rates given in Fig. 2 show that athletic training had resulted in a mea 
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lecrease of 8 beats a minute which agrees with the findings of Cotton (1932). On the other hand, 
Xnehr et al. (1942), comparing the pulse rates of 14 students before and after six months’ training 
for middle-distance running, observed a mean fall of only 5 beats, which was of similar magnitude 
to the observations of Karvonen et al. (1957). 

The lowest pulse rate for any single category of athlete in the present study was 58 (range 40-81) 
for the 15 marathon runners examined, a value that corresponds closely with the figure of 57 (range 
«0-72) observed by Beckner and Winsor (1954) for 165 marathon men in California. 

Among our athletes those with the lowest heart rates were invariably long-distance runners 
tut none had a rate lower than 40 although normal sinus rates below that have occasionally been 
«bserved among the general population (White, 1942). From the available evidence it would 
opear that the most rigorous training for long-distance events is likely to reduce the resting rate to 
etween 50 and 60 beats a minute but only rarely to 40 or below. 

While the majority of athletes have relatively slow resting pulse rates there are many exceptions. 
..mong the Empire Games competitors the highest rate observed was 88 but several authors have 
uoted cases of resting sinus tachycardia in highly trained subjects. Of the 650 Finnish athletes 
<amined by Klemola (1951), 7 had rates of over 100, and Segers et al. (1956) found that 4 out of 
05 athletes had similar degrees of tachycardia. Wolffe (1957) also cited the cases of two marathon 
junners who had resting rates of 120 and 130 respectively. In some cases, probably in most, these 
| igh rates are due to emotional disturbance due to pre-race tension and to the procedure of medical, 
ind especially cardiographic, examination (Brouha and Heath, 1943) and although at the Empire 
(Games everything was done to allay apprehension and thus to secure basal rates, nevertheless three 
of the athletes examined showed signs of anxiety at the sight of electronic equipment and their pulse 
1ates were probably unduly high. 

It would appear, therefore, that the pulse rate per se should not be used as an index of fitness for 
extreme exertion since the range of normality is so wide. The competitor’s own previous athletic 
performance is a surer test of physical fitness and a tachycardia should only be regarded as inimical 
to participation in athletics when it is associated with organic disease. 


Scalar Time Intervals 


With the apparatus available it was not possible to record all three orthogonal leads synchron- 
ously, which is the only method by which absolute time intervals can be determined. Nevertheless, 
since all the previously published data concerning these intervals in athletes have been derived from 
single limb lead slow-speed tracings, it was considered justifiable to present similar, but more 
accurate, values from our fast-speed records. The durations of P, however, were regarded as so 
equivocal as not to warrant separate consideration. Although the time intervals for all three 
orthogonal leads were analysed, only those from lead A are discussed here as being typical and com- 
parable with the classical lead I. 

We have considered it more rational to relate the time intervals to total cycle length (R-R), of 
which they are obviously constituent parts, rather than to heart rate to which they are less directly 
related. It should be emphasized that, contrary to the implication of many reported statements, 
a quantity cannot be related linearly to both rate and cycle length. 

P-R Interval. The mean durations of P-R were the same for the untrained and both groups of 
athletes, but the scatter of observations was greatest among the long-distance runners. In previous 
studies several authors have drawn attention to the frequency with which values greater than 0-20 
sec. are encountered in athletes. For example, Reindell (1943) found that approximately 9 per cent 
of competitors had values of 0-21 sec. or more. The Empire Games results would suggest that 
these high values are no more prevalent in marathon runners than in the untrained and that the 
higher limit for normality of 0-22 sec. given by Evans (1954) is more appropriate in clinical practice. 
Savilahti (1946) also suggested the same higher limit but he arbitrarily assumed that the best estimate 
of P-R was given by its greatest value in any lead whereas the true P-R time may be shorter than that 
given by any single lead (Pipberger and Tanenbaum, 1958). 
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It has been stated that the P—-R interval becomes shorter as the heart quickens (e.g. Goldberge’, 
1953) but a contrary conclusion was that of Savilhati (1946) who believed that “the generally 
accepted idea of the dependence of P-Q (R) time on the pulse frequency is not correct.”” When ai 
attempt was made in the present study to correlate P-R interval with cardiac cycle length, n> 
statistical correlation could be demonstrated for either students or athletes. 

The unusually short P-R time (0-08 sec.) of one of the marathon competitors did not appear t» 
be associated with a Wolff-Parkinson-White syndrome, since the QRS time was not prolonged in an ’ 
lead, nor was there any abnormal inversion of T. 

ORS Duration. Trethewie (1958) claimed that in approximately half the Australian athlete; 
whom he investigated in 1953 there was “widening of the QRS complex,” but no actual data wer: 
presented. A similar assertion was made by Beckner and Winsor (1954) but our results give no 
indication of any increase of QRS duration in the athletes. There is also difference of opinion 
concerning the relation between QRS duration and heart rate. Bazett (1920) and Savilhati (1946) 
stated that QRS time diminished as heart rate increased but Lepeschkin (1951) maintained that 
there may be no apparent relation due to the interaction of conflicting influences. The data for 
the students and short-distance athletes in the present investigation showed no correlation between 
QRS time and length of the cardiac cycle (r=0-02, P=0-9) but in the case of the long-distanc: 
competitors there was a negative correlation (r=0-46, P<0-01). 

T Complex Duration. Although it is customary to measure separately the S—T interval and the 
duration of T, there are good reasons for combining them into a single physiological unit. It has 
been shown (Macleod, 1938; Chernoff and Nahum, 1949) that repolarization is already in progress 
at the end of QRS and, therefore, it is more accurate to regard S-T plus T as the duration of repolari- 
zation and term it the T complex time (Lepeschkin, 1951). 

Few data are available relating the duration of the T complex to physical training but the present 
results demonstrate that it is increased by a mean value of 0-03 sec. in the athletes as a whole 
compared with the untrained students, the difference tending to be greater for the long-distance 
competitors. 

The fact that repolarization time is related to R-R duration in both trained and untrained 
subjects over the range of our observations was strongly suggested by scatter diagrams and, although 
the relationship cannot be linear over the whole range of R-R times, it was considered justifiable 
to calculate a linear regression for these observations within the physiological range. The equation 
for the students, T complex time =0-160(R-R)+0-151, probably over-estimates the time of 
repolarization in pronounced tachycardias. It would appear that whatever factors slow the heart 
rate, by inhibiting depolarization in the S-A node, also prolong repolarization in the ventricular 
myocardium but, as will be shown later, these structures are not affected to the same extent. 

Although the distribution of R—-R times for all athletes was around a larger mean, the corres- 
ponding T complex durations gave a regression line—T complex time=0-168(R-R)+0-152—that 
did not differ significantly from that of the students. In other words, athletic training did not 
modify the usual relation between S-A nodal sensitivity and ventricular repolarization. 

Q-T Interval. Since the Q-T interval represents the time required for depolarization plus 
repolarization of the ventricular musculature, it approximates to the period of mechanical contraction 
and is influenced by factors affecting heart rate and the state of the myocardium. White and 
Mudd (1929) originally stated that “‘the measurement of the duration of Q-T is apparently of little 
or no clinical value”’ but it has become apparent that conditions causing ventricular overloadinz 
and certain abnormal metabolic processes are frequently associated with prolongation of the Q—~ 
interval (Sodi-Pallares and Calder, 1956). Some physiological factors may also affect the Q—~ 
interval, as was shown by Robb and Turman (1947). 

The variation of Q-T duration with heart rate has been expressed mathematically by several 
authors using different types of formule. The relation between Q-T and R-R, like that between ~~ 
complex time and R-R, must theoretically be curvilinear and some investigators (e.g. Bazett, 1920; 
and Fridericia, 1920) have devised equations that attempt to allow for this feature. Howevel, 
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yver the physiological range a simple linear expression satisfactorily characterizes these variables 
is Shown by Schlamowitz (1946). When such a linear treatment was made for the present data 
here were no significant differences between the regression lines for students, short-distance, or 
!ong-distance athletes, and it was justifiable to calculate a best straight line to fit all the values 
‘respective of athletic training. The derived expression, Q-T=0-184 (R-R)+0:217, is generally 
‘imilar to earlier equations (see Lepeschkin, 1951). 

In an attempt to establish a value for Q-T that was independent of heart rate, the New York 
| feart Association (1953) recommended that Bazett’s K [Q-T/+/R-R] should be used on the assump- 
t on that K was constant for all subjects. Robb (1950), however, has proved that K is not normally 
‘istributed around the mean value of 0-37 (Bazett, 1920) or of 0-39 (Ashman and Hull, 1941) and 
(iat it varies with cardiac cycle length. She also observed that athletes tended to have larger K 
‘alues than the untrained and the mean figures calculated from the Empire Games data (Table V) 

so suggest that this is the case. 


TABLE V 
SoME FUNCTIONS OF MEAN Q-T TIME, WITH THEIR STANDARD DEVIATIONS, FOR STUDENTS AND ATHLETES 














Q-T Q-T 

| Q-T duration VRCR . R_-R 
Students | 0-37 sec. 0-39 sec. 0-43 sec. 

(0-029) (0-024) (0-048) 
Snort-distance athletes és “t nil 0-39 sec. | 0-40 sec. 0-41 sec. 

| (0-041) (0-024) (0-041) 
I ong-distance athletes | 0-42 sec. 0-41 sec. 0-405 sec. 

(0-045) | (0-025) (0-055) 

| ; 





From a physiological standpoint it would appear that the simple ratio Q-T/R-R is of more 
fundamental importance since it approximately relates duration of mechanical contraction to cycle 
length. The mean value of 0-43 (Table V) for our students is slightly lower than that of Pipberger 
and Tanenbaum (1958) who found this ratio to be 0-46 in synchronously recorded orthogonal 
leads. Of greater interest is the fact that, although the absolute value of Q-T increases from 
students to long-distance runners, Q-T/R-R tends to decrease in the same order. This would 
imply that at the given heart rate the duration of ventricular mechanical contraction is relatively 
shorter in the athlete and diastolic filling time correspondingly lengthened. This finding may be 
related to the large diastolic size characteristic of the resting athlete’s heart (Winsor and Beckner, 
1955; Jokl et al., 1958) and its increased stroke volume (Steinhaus, 1933; Stewart and Watson, 1940; 
Rushmer, 1959), the latter being favoured by the absolute increase in Q-T. Also, since the major 
coronary blood flow occurs during diastole (Gregg and Green, 1940), it is reasonable to suggest that 
these adaptations to strenuous exercise would increase the availability of nutrients to the myo- 
cardium. 

In the experimental animal, Robb and Turman (1947) observed a decrease in the Q-T/R-R ratio 
following vagal stimulation and the finding of a similar reduction in the resting athlete is probably 
another manifestation of increased vagal tone. 


Planar Loops 


The frontal plane QRS loops of the athletes showed no characteristic differences from those of 
the students (Jordan and Beswick, 1958) but inspection of the horizontal and sagittal loops revealed 
much wider variability in shape. The athletes of Group A (see Results) whose QRS loops most 
closely resembled those of the students, tended to exhibit increased initial anteriorly-directed 
activity, and this appeared to be progressively accentuated through an intermediate group to Group 
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B where the loops were distinguished by relatively excessive anterior activity with loss of posterio- 
forces, only the vertical voltages remaining approximately constant. 

These features are consistent with some degree of right ventricular hypertrophy in the athlete 
since they are characteristic of the QRS loops of infants (Jordan and Beswick, unpublished obser 
vations) as a result of their physiological right-sided preponderance. In the child vectorcardiogran 
also the posterior curvature of the distal portion of the T loop makes it appear crescentic in the 
horizontal and sagittal planes. Similar curvature was observed in about one-third of the athlete: 
and may further support the suggestion of right ventricular hypertrophy as a result of intensiv: 
athletic training. 

In this connection it may be noted that Grusin (1954) and Powell (1959) have reported a higl 
incidence of precordial lead T complex patterns in the African native similar to the diphasic T wave: 
illustrated in Fig. 3 corresponding to the crescentic T loops of some of the athletes. Previously 
Littman (1946) had attributed this type of T wave to “‘a persistence of the juvenile pattern and noi 
to a manifestation of organic heart disease.” In the Empire Games athletes these T wave change: 
occurred chiefly among the white competitors, but it may be that increased vagal tone together witt 
reversion to the cardiopulmonary conditions peculiar to early life are responsible for this phenome- 
non. 


Vectorial Analysis 


There is no unanimity among previous authors regarding the effects of athletic training on the 


QRS electrical axis in the RLF plane. Glasser (1947) found the mean value for a large group of 


athletes to be 50° indicating some degree of left axis deviation, but Beckner and Winsor (1954) 
obtained a mean value 13° more vertical than for their control group. Terranova and Fernandez 
(1958) claimed to have demonstrated a prevalence of right axis deviation which they suggested was 
due to “functional hyper-activity of the right ventricle.” The results of the present study indicate 
no differences between the QRS or T vector angles in this plane (Table II) for students and athletes. 

In the lead field frontal plane the only differences were between the untrained and the long-distance 
runners (Table III), the latter having more transverse QRS and T vectors although the mean QRS-T 
angle remained unaltered. These changes are consistent with a more transverse anatomical position 
of the heart in the long-distance men rather than a left ventricular preponderance and may be due 
to the higher resting position of the diaphragm in athletes, in whom it has been claimed that this 
muscle plays a more prominent part in alveolar ventilation (Hornicke, 1924; Karpovich, 1955). 
This suggestion is also supported by the finding of Kohlrausch (1921) that the arm action in long- 
distance competitors immobilizes the chest and encourages a diaphragmatic type of respiration. 

The most striking vectorial difference was the narrowing of the spatial QRS-T angle in the 
athletes (see Fig. 6): this is reflected in the horizontal planar values given in Table III where it is 
seen to be due primarily to anterior displacement of QRS with T remaining constant. The histo- 
grams of spatial QRS-T angles for the athletes suggest the possibility of dual populations in each 
group, one closely resembling the untrained with a mean spatial angle of 100°, and the other having 
a mean angle of about 50-60°. This dichotomy could well be regarded as a consequence of two 
types of cardiac adaptation to strenuous exercise only one of which resulted in change of electrical 
activity. In those subjects in whom narrowing of the angle occurred, the effect was such as might 
be expected in minor degrees of right ventricular hypertrophy since Elek et al. (1954), Richman and 
Wolff (1955), and Milnor (1957) have all demonstrated anterior displacement of spatial QRS in this 
condition. As a result of catheterization studies, Freedman et al. (1955) have also suggested that 
during the course of rigorous training the right ventricle is exposed to inflow overloading so that 
pressure conditions simulate those of atrial septal defect. 

In infants and children similarly narrow spatial QRS-T angles are usually encountered and the 
overall electrocardiographic findings are of “‘uncomplicated right ventricular hypertrophy as com- 
pared with the relative size of the two ventricles in older individuals” (Ziegler, 1951) although 
analysis of the RLF plane data alone might erroneously indicate a left axis deviation that could be 
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ascribed to a more horizontal anatomical axis of the heart. The analogy between the hearts of 
athletes and infants is also supported by the common similarity of the T loop contour, as discussed 
eorlier. 

The mean spatial vector magnitudes for QRS of all groups (see Table IV) do not differ signi- 
fi:antly, but this does not imply that the electrical activity associated with depolarization is the same 
fcr all. These vector magnitude values, as derived from algebraic summation of scalar tracing 
a eas, depend not only on the size and rate of change of body surface potentials but also on the 
d stribution of those potentials about the iso-electric point in space. Consequently, it is possible 
fcr large voltage-time records to yield small QRS spatial vector magnitudes if the orthogonal 
salar complexes are diphasic with approximately equal areas above and below the iso-electric 
lie in each lead. The “total QRS” spatial magnitude, on the other hand, attempts to estimate 
tl e overall quantity of body surface electrical activity since it is obtained by arithmetic summation 
o the areas both above and below the iso-electric line in all three orthogonal leads. Whereas the 
s: atial magnitude of mean QRS as traditionally derived is a true vector quantity related to the area 
o the R deflection minus the area of the S deflection in all three leads, the “‘total QRS” spatial 
n agnitude is a true scalar quantity and is related to the area of R plus the area of S in all three 
leads. 

In contrast with the mean spatial QRS vector magnitudes, the mean “total QRS” magnitudes 
s!.owed marked differences between the untrained and trained subjects. Although it might have 
ben anticipated that with some degree of right ventricular hypertrophy in the athletes there would 
have resulted an increase in “total QRS” magnitude, the reverse was the case since the mean 
v.lues for all athletes were significantly lower than for the students (t=3-85, P<0-01). Inattempting 
tc account for this apparent anomaly, the fundamental factors governing body surface potentials 
of cardiac origin must be considered. 

The electrical activity associated with ventricular myocardial depolarization, which can be 
recorded by direct leads from the heart surface, is that remaining after partial neutralization as a 
result of intracavitary and intramyocardial short-circuiting; and of this resultant activity only a 
small fraction can be detected at the body surface, because of further short-circuiting within the 
tissues surrounding the heart. In addition, the forces responsible for the body surface potentials 
must themselves be regarded as resultants of numerous instantaneous dipoles systematically distri- 
buted throughout the ventricles during depolarization. Usually the activity of the left ventricle 
exceeds that of the right to give a net mean spatial QRS vector directed downward to the left and 
posteriorly. 

In the athlete it is possible that some relative right ventricular hypertrophy would have the effect 
of reducing the net cardiac field and giving smaller manifest surface activity as well as displacing 
the mean spatial QRS anteriorly. In addition, the probable greater diastolic and coronary filling 
in the resting athlete, as discussed earlier, may also contribute to the smaller mean “total QRS” 
magnitude in this group. 

Since the electrical events of repolarization occur during mechanical systole, the factors modifying 
the distribution of potentials at the body surface are fundamentally different from those present 
during depolarization. For example, the short-circuiting effects of intracavity and intracoronary 
blood will be reduced and the internal resistance of the myocardial fibres decreased (Lepeschkin, 
1951), resulting in a larger fraction of the total cardiac electrical activity appearing at the body 
surface during repolarization than during depolarization. 

A further basic difference between the electrical events of these two phases is in respect to the 
spatial distribution of instantaneous vectors in relation to the iso-electric point. Whereas the 
instantaneous vectors that determine the outline of the QRS loop are directed successively into more 
than one spatial octant, the corresponding forces for T are usually directed exclusively into one 
octant. This dissimilarity is reflected in the essentially diphasic nature of QRS and monophasic 
nature of T in the customary scalar lead tracings. It follows, therefore, that the mean spatial T 
magnitude, while having a vectorial significance similar to that of the mean spatial QRS magnitude, 











126 F. W. BESWICK AND R. C. JORDAN 


is also analogous to the “total QRS” magnitude since, obviously, algebraic and arithmetic summatio 1 
of the “‘areas”’ under a monophasic deflection give the same value. In some of the athletes, howeve', 
the T complex in at least one of the orthogonal leads (most commonly, lead B) was somewha 
diphasic as described earlier, with a terminal component below the iso-electric line. In thes: 
cases the T vector magnitude obtained by algebraic summation was used to determine the plana - 
projection angles for T and the arithmetic summation for estimating the spatial magnitudes. 

In contrast with the decrease in mean “total QRS” magnitude in the athletes as compared wit! 
the students, the mean spatial T magnitude did not differ in the short-distance group but wa 
markedly increased in the long-distance competitors. This was due primarily to the increase 
duration of repolarization (see Table I) rather than to increased maximal voltage attained. Sinc 
the increased T complex time was positively related to total cardiac cycle duration, it would appea 
that the increased T magnitude was a consequence of the slower heart rate of the average long 
distance runner. In the short-distance group, whose heart rates did not differ significantly from th 
students’, the spatial T magnitudes were unchanged. 

A logical development in the analysis of these electrical data would be to consider the ratio o! 
spatial T vector magnitude to the mean “total QRS” for each subject. In the untrained subject: 
this ratio had a mean value of 1-6 (S.D. 0-6), which may well be an index of the relative loss of sur- 
face electrical activity during depolarization as a result of the hemodynamic factors discussed above 
This ratio will be modified by any relative changes in either “total QRS” or T such as have been sug- 
gested earlier in comparing the manifest electrical activities for the untrained and trained groups. 
Since total QRS is reduced in the trained subjects and T is increased, the mean ratio for all athletes 
is, for both these reasons, increased by approximately 30 per cent to 2-1, with the long-distance 
group affected to the greater extent. It is possible that, in the absence of organic heart disease or 
gross electrocardiographic abnormality, the ratio of spatial T magnitude to spatial “total QRS” 
magnitude could be used as a criterion in the objective assessment of the effect of athletic training 
on the cardiovascular system. 

The concept of the ventricular gradient (VG) first introduced by Wilson et al. (1934) has been 
regarded by some as of primary importance. Ashman and Byer (1943), for example, have stated 
that “‘it is the fundamental quantity of electrocardiography. A change in the gradient reveals a 
change in the state of the muscle.” Others, however, have considered it as having no secure 
theoretical foundation and as being of only empirical usefulness (Simonson et al., 1954). 

In general the gradient may be interpreted as giving a measure of the net difference in electrical 
events associated with depolarization and repolarization. This difference is to be attributed to two 
causes, an intrinsic one involving dissimilar time-course relations in the myocardium during the 
two phases of electrical activity, and an extrinsic cause concerned with the changes in myocardial 
environment during mechanical diastole and systole. 

Almost all previous studies on the ventricular gradient have been confined to investigation of 
the RLF plane and wide limits of normality have been presented. For example, Goldberger 
(1953) stated that the direction of the gradient vector may vary from —20° to +90° with a variation 
in manifest magnitude from 1-8 to 25 units. Sodi-Pallares and Calder (1956) quote a range of 
—17° to +86°. 

The lead field frontal plane mean ventricular gradient vector angle for the students of the present 
series was 58° (S.D. 11), so that 95 per cent of these subjects would be expected to have values 
lying within the relatively narrow range of +36° to +80°. The greater scatter given by the con- 
ventional limb lead data may be regarded as a consequence of using the Einthoven triangular 
reference frame which has been shown to be inapplicable to the majority of normal subjects (Jordan 
and Beswick, 1960, a and 5). 

The magnitude of the ventricular gradient vector projection on to the RLF and frontal planes 
bears little direct relation to its true spatial magnitude, since the plane of the QRS and T mean 
spatial vectors, and therefore of VG, lies approximately normal to the true frontal plane of the body. 
The spatial ventricular gradient is defined by the diagonal of the parallelogram of forces representing 
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the mean vectors for QRS and T in space. It follows that, not only will its magnitude be dependent 
on the magnitudes of QRS and T, but also on their directions. Its orientation will also be governed 
by the inter-relation of magnitudes and directions of QRS and T. It is, therefore, possible for the 
syatial ventricular gradient to remain constant in either direction or magnitude in spite of changes in 
ORS and T. 

In the present study a remarkable feature of the results was the constancy in spatial orientation 
c° the VG vector although its magnitude was significantly greater among the long-distance athletes. 

Pathological cardiac hypertrophy with its intrinsic relative ischemia is usually accompanied 
ty changes in both direction and magnitude of the spatial ventricular gradient, but in the long- 
¢ stance athlete the hypertrophy must be regarded as the physiological response to physical effort 
aid as associated with increased myocardial capillarization (Jokl, 1958) so that it is reasonable to 
s ippose that the increased magnitude of the gradient vector will not be accompanied by any change 
i. its orientation. 

Subsidiary Group of Five Subjects 

Among the untrained student population (Jordan and Beswick, 1958) 8 out of 47 showed vectorial 
aid loop peculiarities that distinguished them individually from the remaining 39 who formed a 
b »mogeneous group, and they were, therefore, considered separately. Even in the highly-selected 
a hlete population such unusual forms were also evident, although their incidence had fallen by 
2 proximately one-half, i.e. 5 out of 60. Of these 5, one was known to have a history of persistent 
| ypertension so that the actual incidence of unusual electrocardiographic patterns in the absence of 
c inical evidence of cardiac abnormality was only 7 per cent. The planar loops of these 5 subjects 
ave illustrated in Fig. 5 and the corresponding vectorial data are given in Table VI where the symbols 
employed are those of Jordan and Beswick (1958). 

Subject 1, aged 30 years, had a long history of essential hypertension but had continued in 
competitive athletics on medical advice. His vectorial data and planar loops, with their lack of 


TABLE VI 
LEAD FIELD VECTOR ANGLES AND MAGNITUDES FOR THE SUBSIDIARY GROUP OF FIVE ATHLETES 











Angles 
Subject Aars AT | AvG AQRS-T \(SP)Agrs-T 
F H F H | F H F H 
1 *307° 287° °¢ a *341° 66° * —53° +150° 144° 
2 *273° 276° *79° 84° 7° 83° *— 166° +168° 148° 
3 *291° eS |e oe ; MS 68° *—119° +11° 62° 
4 ss 64° 67° 62° 64° eo | —15° *—2° 1° 
5 *9° 28° 39° *18° 37° 20° ‘| —30° *—10° 32° 
Mean of main athlete 
group... + sr 338° 49° 66° 54° pS 8° 87° 74° 


Magnitudes (microvolt-seconds) 




















(SP)Agrs (SP)AtT (SP)Avc | (SP)A “TotalQrs”’| (SP)AT 
| (SP)A “Total QRS” 
| 30 100 77 | 41 2-4 
2 21 109 91 61 1-8 
3 35 64 86 57 1-1 
4 18 72 89 32 22 
5 *8 76 80 38 2:0 
Mean of main athlete . 
se 





group... a 30 90 | 101 | 43 





*Values that differ significantly from mean of the main athlete group. 








128 F. W. BESWICK AND R. C. JORDAN 





initial anterior activity and the characteristic contour and horizontal position of the T loop, a‘e 
typical of left ventricular hypertrophy. 

Subject 2 was a 25-mile road cyclist whose lead field frontal plane QRS vector might have be: n 
interpreted as indicating a considerable left axis deviation and whose frontal and sagittal plaie 
loops showed late sustained left ventricular electrical forces. All his horizontal plane vectors we e 
normal and the spatial orientation of T and VG within the usual limits, so that it would appe.r 
probable that he was one of the small proportion of normal subjects who have unusually elevat« d 
QRS vectors without physical signs of left ventricular hypertrophy. 

Subject 3 (a sprinter from British Guiana) had a frontal plane QRS loop and mean vector thi.t 
might, on casual inspection, appear to indicate extreme left axis deviation similar to that in Subjec s 
l and 2. However, the horizontal plane loop and vector angle show that the superior QRS activi y 
is predominantly anteriorly directed and the loop is inscribed clockwise. Subject 3 differs fund: - 
mentally from the other two in the horizontal (and sagittal) plane showing changes more suggestive 
of an extreme degree of the trend towards right ventricular preponderance referred to earlier and 
illustrated in Fig. 4. 

In the case of Subject 4 the loop is characterized by loss of leftward infero-posterior activity 
so that the projections become very narrow in all three planes and this again is in keeping with a 
possible relative right-sidedness. 

The situation as far as QRS is concerned is similar in Subject 5 but the T loop and planar vector 
angle in the horizontal plane are posteriorly oriented so that in this plane the QRS-T angle has a 
negative value. The contour of this T loop may be regarded as an extreme example of the crescentic 
deformity described earlier as occurring in about one-third of the athletes. 

The broad cardiological implications of this study would suggest that for the individual the 
spatial electrocardiogram is not necessarily a reliable guide to his fitness to participate in athletics, 
nor to his state of physical training or probable level of performance. It is well-known that bizarre 
electrocardiograms are occasionally encountered in the absence of demonstrable heart disease 
(see, for example, Littmann, 1948; and Kossmann, 1958) and that rarely an outstanding athletic 
performance may be achieved by someone who has gross cardiac abnormality (Jokl, 1958; Jokl et 
al., 1958). , 

However, considered as a group, highly trained athletes do present certain important characteris- 
tic features that distinguish them from the untrained and throw some light on their cardiovascular 
adaptation to repeated severe exercise. 


SUMMARY 


The RLF plane electrocardiographic and lead field spatial vectorcardiographic findings for 60 
male international-class athletes have been compared with those from 47 untrained students. 

The mean heart rate for the athletes as a whole (62) was lower than that for the students by 8 
beats a minute, with the long-distance competitors showing the greatest difference (mean: 60). 
The only statistical difference in time intervals was that the mean T complex time was increased 
by 0-03 sec. in the athletes, while the ratio Q-T/R-R showed a tendency to diminish. 

The planar QRS loops of the trained subjects showed generally increased net anterior electrica| 
activity, and in about one-third of cases the T loop was of a peculiar crescentic shape. 

Quantitative vectorial and planar loop analyses indicated that 5 of the 60 athletes differed 
significantly from the remainder and they were considered separately. This proportion was 
smaller than the corresponding incidence of aberrant individuals in the student group. 

Vector angle analysis of the RLF and lead field frontal planes demonstrated that there is n» 
differences between the mean values for students and athletes and that the RLF and true fronté| 
planes bear the same geometrical relations in the two groups. 

The major lead field vector angle difference was that the mean spatial QRS-T angle in th: 
athletes was decreased by 26° due, predominantly, to a less posterior orientation of the QRS vector, 
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with T relatively unchanged. The spatial magnitude of T was, however, considerably greater in 
the athletes in consequence of the longer duration of the T complex. 

These findings have been discussed as evidence of increased vagal activity and physiological right 
ventricular hypertrophy in the trained subject in relation to the physical endurance entailed in his 
co npetitive event. 
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Aneurysm of the aortic sinuses (sinuses of Valsalva) is a rare condition. The three accepted 
cases are congenital malformations, bacterial infections, and syphilis. Two other rare causes 
he ve been described, namely cystic medial necrosis of Erdheim and acute rheumatic aortitis (Jones 
ard Langley, 1949). 

We are concerned only with congenital aneurysms in this paper. Thirty-six acceptable cases 
he ve been reported previously of which 26 ruptured to form cardio-aortic fistule. Maude Abbott 
(1/36) was able to find only 12 examples in her collection of 1000 cases of congenital heart disease. 
Jones and Langley (1949) recorded 25 cases of congenital aneurysms of the aortic sinus. Oram and 
Ezst (1955) reviewed 23 cases of aortic sinus aneurysms, including two of their own that ruptured 
in‘o the right side of the heart. Feldman et al. (1956) and Lee et al. (1956) described two further 
cases. m 
Our object is to describe two new cases which have certain features of interest, and to discuss the 
embryological development. 


CASE REPORTS 


Case 1. Anex-Royal Marine, aged 36, was discharged from the services as fit in 1946. He worked asa 
tool maker and enjoyed very good health until three weeks before admission to hospital, when while walking 
to work he suddenly became short of breath and felt nauseated. At no time did he have any pain. He 
continued to work, but his dyspnoea became increasingly worse and on July 22, 1958 he was admitted to 
hospital. There was no history of rheumatic fever or of recurrent sore throats. 

On examination he was dyspneeic at rest with slight cyanosis and a malar flush. The pulse was 120 a 
minute, regular in rhythm and collapsing in character, and equal on each side. Pistol shot sounds were 
audible over femoral arteries; capillary pulsation was present. The blood pressure was 120/20 mm. Hg. 
The jugular venous pressure was raised just above the sternal angle. The apex beat was in the Sth inter- 
costal space just outside the mid-clavicular line and a right parasternal heave with a systolic thrill was felt 
in the 3rd intercostal space. The pulmonary second sound was greatly accentuated. A harsh loud systolic 
murmur was audible along the left sternal border, radiating to the apex. A loud early diastolic murmur 
and a short mid-diastolic rumbling were heard at the apex. Crepitant rales were heard over both lungs 
and were maximal at the bases. The liver was enlarged two fingers’ breadth below the right costal margin 
and was tender and pulsating. There was no peripheral oedema. The electrocardiogram showed right 
axis deviation with some rotation of the heart. The chest radiograph showed pulmonary congestion with a 
straight left cardiac border. The urine contained a trace of albumin. The Wassermann reaction and 
Kahn test were negative. Blood culture was negative. The hemoglobin was 13-0 g. per 100 ml., the 
white blood cells 15,000 per cu. mm. with a normal differential count. A diagnosis of ruptured aneurysm of 
an aortic sinus was made and he was treated with mercloran, digoxin, oxygen, and aminophylline. His 
condition gradually deteriorated with increasing dyspnoea, jaundice, and a falling pulse pressure, and he 
died seven days after admission. 

131 











132 GIBBS AND HARRIS 

Necropsy. The body was that of a big muscular man. 

The heart (485 grams, Fig. 1 and 2) showed conspicuous left ventricular dilatation with numero is 
petechial hemorrhages on the visceral endocardium. An aneurysmal sac (3 x 2 cm.) with an apical ruptu ‘e 
(1 cm. in length) protruded from the membranous portion of the interventricular septum between the cus )s 
of the tricuspid valve. The wall of the sac was thin and semitranslucent and originated from the rig it 
(coronary) sinus which was deficient at the base. The aortic valve cusps and remaining sinuses were norm |. 





Fic. 1.—Case 1. Orifice of aneurysm in right anterior (coronary) sinus. 


The mitral valve was normal. The myocardium was pale in colour and showed a typical subendocardiez| 
‘*thrush breast” appearance due to fatty change. There was moderate left and right ventricular hypertrophy 
(left ventricle 1-6 cm.; right ventricle 0-6 cm.) The coronary arteries showed occasional patches cf 
atheroma but there was'no evidence of calcification. The pulmonary artery and aorta were healthy. 

Histological examination of the heart and aorta showed no evidence of acute rheumatism, syphili:, 
cystic medial necrosis, or bacterial endocarditis. 


Necropsy Diagnosis. Rupture of a congenital aneurysm of the right coronary sinus of Valsalva into th: 


right ventricle. Congestive cardiac failure. 
Case 2. A woman, aged 24, complained of dyspnoea on exertion for a year since June, 1949 which ha:! 
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Fic. 2.—Case 1]. Ruptured aneurysm protruding between the cusps of the tricuspid valve. 


become more severe in the last three months with the occurrence of attacks of nocturnal breathlessness. 
Three weeks before admission she was confined to bed with frequent vomiting and she had a hemoptysis. 
She complained of loss of weight, night sweats, and a persistent cough. Her general condition deteriorated 
and she was admitted to the Bristol Royal Infirmary in May, 1950. 

There was no history of rheumatic fever or chorea. A doubtful cardiac murmur had been heard on 
routine clinical examination as a child and she had attended regular follow-up cardiac clinics. No abnormal 
physical signs were detected until a year before when an aortic diastolic murmur was heard as well as a 
deubtful mitral diastelic murmur. The electrecardiegram shewed left axis deviation in March 1949 and 
left bundle-branch block four months later. 

On examination, she was orthopneeic with a malar flush but she was otherwise pale. There was dependent 
edema of the lower limbs. The pulse was 98 a minute, collapsing, with regular rhythm. Pistol shot 
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sounds were audible over the femoral arteries and capillary pulsation was present. The blood pressure wis 
150/40 mm. Hg. The jugular venous pressure was raised. The apex beat was palpable in the 6th int: r- 
costal space at the anterior axillary line. An aortic diastolic murmur was present and the pulmona-y 
second sound was accentuated. Crepitant rales were heard throughout both lung fields. There was a 
small right pleural effusion. The liver was enlarged three fingers’ breadth below the right costal margin. 

A clinical diagnosis of cardiac failure due to rheumatic aortic regurgitation was made. 

Two days after admission to hospital, she became cyanosed and a drop of systolic blood pressure occurre 1. 
She responded temporarily to oxygen but died the same day. 
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Fic. 3.—Case 2. (A) Left ventricle, showing bisected left anterior (coronary) sinus aneurysm. (B) Absent 
right anterior aortic valve cusp, and the orifice of the right anterior (coronary) sinus aneurysm. 


Necropsy. The body was that of a well developed woman 40-9 kg. in weight and 1-5 metres in length. 

The heart (436 grams) was dilated and hypertrophied and there was dilatation of the left and right 
atria. The mitral and tricuspid valves were normal. The right ventricle (1-5 cm. in thickness) was dilated 
and hypertrophied. The pulmonary valve was normal. The aortic valve (6 cm. in circumference) showed 
the following abnormalities. There was an aneurysm of the left anterior (coronary) sinus, 4 cm. in breadth 
and extending 2 cm. inferiorly into the left ventricular muscle wall (Fig. 3). This contained some organizir g 
thrombus. The posterior (non-coronary valve) cusp was thickened but otherwise normal. The rig'it 
anterior (coronary) aortic valve cusp was absent. There was an orifice with rounded fibrous edgs 
(0-7 x 0-5 cm.) lying in the base of the sinus, extending into a cavity (6-5 x 3 cm.) lying in the interventricul::r 
septum (Fig. 3, 4, 5). This aneurysm extended from the membranous ventricular septum posteriorly ‘0 
within 1 cm. of the anterior descending branch of the left coronary lying in the anterior wall of the inte - 
ventricular septum. Inferiorly, the aneurysm extended 2:5 cm. below the tricuspid valve ring. 
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Fic. 4.—Case 2. The right ventricular wall of the interventricular septum has been 
reflected to show the aneurysmal cavity. The orifice of the aneurysm in the right 
anterior (coronary) sinus is shown. 


The walls of the upper part of the aneurysm cavity were fibrous and this portion of the aneurysm measured 
3x3cm. The walls of the lower part of the cavity were formed of muscle of the interventricular septum 
and appear to have been produced by a recent rupture of the aneurysm with further downward extension. 
The muscle lining the left ventricle adjacent to the interventricular septum and inferior to the right anterior 
(coronary) aortic sinus showed subendocardial fibrosis and formed the left wall of the upper part of the 
aneurysm. At the lower extremity of the aneurysm the walls (formed by the muscle of the interventricular 
septum) were 1 mm. only in thickness and there was some endocardial hcemorrhage at this site. There was 
slight atheroma of the aertic valve. The ascending and descending aorta were normal but there was con- 
siderable atheroma of the abdominal aorta. The coronary arteries were not involved by the aneurysms of 
the two anterior sinuses of Valsalva and were patent. The renal arteries were normal. 








136 GIBBS AND HARRIS 


Histological examination of the heart and aorta showed no evidence of acute rheumatism, syphil s, 
cystic medial necrosis, or bacterial endocarditis. 

Necropsy Diagnosis. Congenital absence of right anterior aortic valve cusp. Congenital aneurysr 1s 
of right and left (coronary) sinuses of Valsalva. Rupture of right (coronary) sinus aneurysm into t \e 
interventricular septum. Congestive heart failure. 


EMBRYOLOGY 


In the past there has been confusion about the naming of the aortic sinuses but Walmsley s 
(1929) nomenclature is used here as recommended by recent authors. The precursors of the valv:s 
at the distal end of the bulbus cordis consist of four endocardial cushions. The completion of tle 
distal bulbar septum which separates the aortic and pulmonary orifices results in the division of 





Fic. 5.—Case 2. The aneurysm of the right anterior (coronary) sinus has been 
filled with barium at necropsy. The radiograph shows the aneurysm lying 
in the interventricular septum. 


each lateral cushion into two parts. The number of thickenings is increased by this means to si< 
of which three are associated with the pulmonary orifice and three with the aortic orifice. Thes:> 
thickenings form the rudiments of the aortic and pulmonary valves (Fig. 6) while the pouches 
between the valves and the walls of the vessels gradually enlarge and form the sinuses of the aort: . 
The aortic sinus aneurysms collected by Abbott (1919) arose from the right coronary sinus an | 
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ANTERIOR 
I. 


DISTAL 
BULBAR 


SEPTUM 





LCA. RCA. 





POSTERIOR 


iG. 6.—The embryological development of the pulmonary an aortic valves from the bulbus cordis. L.=Left 
anterior (coronary) sinus. R.=Right anterior (coronary) sinus. P.=Posterior (non-coronary) sinus. L.C.A.= 
Left coronary artery. R.C.A.=Right coronary artery. 


she postulated a developmental defect in the distal bulbar septum. The distal bulbar septum can 
be related only to two of the three aortic sinuses, namely the left and right coronary sinuses. This 
is a contradiction of the conclusion reached by Jones and Langley (1949) who claimed that all 
congenital aneurysms have been confined to the right coronary sinus and the non-coronary sinus, 
and that up to 1949, no aneurysm arising from the left coronary sinus had been reported: they have 
not included Higgins’ (1934) case where there is little doubt that the aneurysm arose from the left 
coronary sinus. Case 2 demonstrates that a congenital aneurysm can rise from the left coronary 
sinus. A defect in the development of the distal bulbar septum cannot explain the occurrence of 
aneurysms of the posterior (non-coronary) sinus (Herson and Symons, 1946; Venning, 1951; and 
Lee et al., 1956) or of all three aortic sinuses (Micks, 1940). 

No single congenital defect can explain the development of aneurysms from the bases of all the 
aortic sinuses. Aneurysms of the sinuses of Valsalva usually arise from the inferior aspect of the 
sinuses, well below the orifices of the coronary arteries where the base of the aorta is attached to the 
annulus fibrosus. The annulus fibrosus marks the fusion of the aorta with the atrioventricular 
cushions, the interventricular septum, and proximal bulbar septum. The annulus fibrosus receives 
the muscle fibres of the left ventricle and the media of the aorta and presents three deep semicircular 
notches which correspond to the attachment of the aortic cusps. The middle coat of the artery 
is thin at this point and the vessel is dilated to form the aortic sinuses. Venning (1951) considers 
failure of development of the medial coat at this level to be the basic cause of the congenital 
aneurysms. However, the thinness of the aortic media makes it unlikely that this alone can account 
for the aneurysms. 
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The position of the aneurysms suggests a defect at the aortic attachment of the annulus fibros 1s 
or in the annulus itself. This could be explained by defective development of the endocard.l 
cushions which form the pulmonary and aortic valves. A criticism of this hypothesis is thit 
congenital aneurysms of the pulmonary sinus have not been described, but this may be due to the low »r 
blood pressure in the pulmonary circuit. In favour of this hypothesis is the abnormality of t! e 
aortic cusps that not infrequently accompanies congenital sinus aneurysms due to failure of 
bisection of one lateral bulbar endocardial cushion (Hirschboeck, 1942; Herson and Symons, 
1946; Case 2 of this series). 

Apart from abnormalities of the aortic cusps, other congenital malformations occur and tle 
most common according to Brown (1950) is a defect in the bulbar part of the interventricul: r 
septum. This is a result of the failure of growth of the right extremity of the fused atrioventricul.r 
cushions which joins the caudal border of the proximal bulbar septum to the free sickle-shap<d 
margin of the ventricular septum (Fig. 7). Alternatively a defect of union between the atriv- 








Fic. 7.—Transverse section of the heart at the level of the aortic valve to show the embryological development. (A) 
Left endocardial cushion. (B) Right endocardial cushion. (C) Distal bulbar septum. (D) Ventricular septun 
joining the membranous septum which is formed from the fused atrioventricular cushions (G). (E F) Atrioven- 
tricular endocardial cushions. (G) Fused atrioventricular cushions. Proliferation of cushion tissue from the 
right extremity of the fused cushions forms the membranous portion of the interventricular septum. R.A.:= 
Right atrium. L.A.=Left atrium. P.A.=Pulmonary artery. L.=Left (coronary) sinus. P.=Posterior 
(non-coronary) sinus. R.=Right (coronary) sinus. L.C.A.=Left coronary artery. R.C.A.=Right corona y 
artery. 


ventricular cushions, interventricular septum, and proximal bulbar septum with the root of the aoria 
may result in a defect in any of the aortic sinuses. 

Previously reported cases show that congenital aneurysms of the right (coronary) sinus are veiy 
much commoner than those affecting the other two sinuses. Including our cases, 27 aneurysn s 
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have been described arising from the right (coronary) sinus, 5 from the posterior, and 4 from the 
left, all confirmed at necropsy. Rupture of the aneurysms occurred to form cardio-aortic fistule 
in 26 cases. 


DISCUSSION 


Abbott (1919) and others have shown that aneurysms that originate in the aortic sinuses and 
birrow through the ventricular septum produce a distinctive clinical syndrome upon rupture 
it to the right ventricle. When this occurs, the symptoms and signs may be sufficiently characteristic 
tc permit diagnosis during life as happened in Case 1. 

Provided there are no accompanying congenital defects, aortic sinus aneurysms are usually 
s mptomless until rupture occurs. Occasionally, however, pressure from the aneurysm on the 
a rioventricular node and bundle (His) may be sufficient to cause bundle-branch block (Case 2) 
o even fatal Stokes-Adams attacks (Lee et al., 1956). 

The clinical syndrome resulting from rupture of an aneurysm varies according to the site of 
r pture. If the aneurysm bursts into the right atrium or ventricle, tricuspid regurgitation may 
fi llow. Intracardiac fistula between the aorta and the atria or right ventricle are not usually 
i) mediately fatal. However, immediate death may follow when left (coronary) sinus or posterior 
s.qus aneurysms rupture into the pericardial cavity. 

When a fistula forms between the aorta and the right ventricle or atrium, blood escapes into the 
I: tter during diastole producing a diastolic murmur (Case 1) which has a characteristic superficial 
qiality. Occasionally death may occur from associated congenital abnormalities while the aneurysm 
is still intact, as in Case 2. In the latter, the congenital absence of an aortic cusp allowed free 
artic regurgitation and consequently left ventricular hypertrophy. The left axis deviation produced 
ir the electrocardiogram progressed to left bundle-branch block eighteen months before death, as 
a result of extension of the right (coronary) sinus aneurysm into the interventricular septum. 


SUMMARY 


Two further cases of aneurysms of the aortic sinuses are described. In Case 1, the aneurysm 
arose from the right (coronary) sinus and ruptured into the right ventricle. There were two 
aneurysms in Case 2, arising from the left and right (coronary) sinuses, and the latter aneurysm 
ruptured into the interventricular septum compressing the left branch of the bundle of His. In 
addition, there was a congenital absence of the right anterior aortic valve cusp. 

The embryological development in this form of congenital heart disease is discussed. 


We wish to thank Dr. Howard Bell for permission to publish details of Case 1, and Dr. Alan Reitsma for the 
photographs. Professor T. F. Hewer of the University of Bristol kindly supplied a copy of the necropsy report 
and the photographs of Case 2. Mr. T. Dee produced Fig. 7. 
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Bony union of the segments of the stenum starts in early childhood but is normally not complete 
before the 15th year of life (Ashley, 1954). We have observed early fusion or defective segmentation 
of the sternum in six patients with congenital heart disease and in one with a provisional diagnosis 
of heart disease. Subsequent search of the roentgen files of 1100 patients admitted because of 
suspected chest disease failed to reveal any cases of diminished segmentation but, in addition 
to the above-mentioned seven cases, we have seen a number of patients with less striking defective 
segmentation of the sternum, often in association with congenital heart disease. This group is 
being studied and will be the subject of a future publication. Diminished segmentation of the 
sternum has also been noticed in another 7 cases without detectable cardiovascular disease. 

In 1956, Monnet et al. described a case in which autopsy revealed partial transposition and an 
aberrant pulmonary vein as well as a sternal anomaly—ossification prématurée du sternum. Currarino 
et al. (1958) reported 3 examples of this condition; one patient had a large septal defect with a wide 
ductus arteriosus confirmed by autopsy, another had radiological evidence of an aberrant right 
subclavian artery, and the third had no heart disease. These authors also published seven other 
cases with less severe sternal anomalies, three of them with vascular deformities. 


CASE REPORTS 


Case 1. Agirl, aged 15, was shown by clinical examination and cardiac catheterization to have atrial and 
ventricular septal defects with pulmonary hypertension. Examination of X-ray films taken at the age of 9 
months showed that the manubrium and the sternum were almost completely fused and that the manubrium 
showed no evidence of the normal segmentation. The forward curvature of the sternum was somewhat 
more pronounced, and at the age of 5 years it was severe (Fig. 1). 

Case 2. A boy with Fallot’s tetralogy had a Blalock operation at the age of 5 years and a 
further operation, when aged 14, under extracorporeal circulation, from which he died. Post-mortem 
examination confirmed the diagnosis of Fallot’s tetralogy. Examination of X-ray films taken at 5 years 
showed that the manubrium and body of the sternum were fused and that segmentation of the latter was 
hardly discernible. The sternum was straight (Fig. 2 a). 

Case 3. A boy, aged 6, was shown by autopsy to have an atrial septal defect and slight pulmonary 
stenosis. Examination of X-ray films taken at the age of 4 years showed fusion of the manubrium and body 
of the sternum with a slight forward angulation (Fig. 2 b). 

Case 4. A boy, aged 10, was admitted to hospital for correction of syndactylia of the left hand. Roent 
gen examination showed a normal-sized heart displaced to the right and electrocardiography showed sign: 
of right-sided hypertrophy. Physical examination showed a systolic murmur (grade 2) over the apex 
A diagnosis was not made. Examination of X-ray films taken at 6 years of age showed a short, fusec 
sternum with a midline forward bulge. 

Case 5. A man, aged 36, had slight pulmonary stenosis confirmed by catheterization and angiocardio 
graphy. Examination X-ray films showed complete fusion and marked forward angulation of the sternum 

140 





PREMATURE OSSIFICATION OF THE STERNUM 


a b 


Fic. 1.—X-ray of sternum in Case 1, showing fusion of the manubrium and body of the sternum with forward 
curvature (a) at 2 years of age and (b) at 5 years. 


Case 6. Autopsy of a boy, aged 3 weeks, showed aortic valve atresia, a large ductus ateriosus, patent 
foramen ovale, right ventricular hypertrophy, and left ventricular hypoplasia. Both thumbs showed super- 
numerary phalanges. Examination of the X-ray films taken at 18 days showed fusion of the three nuclei of 
the manubrium and slight forward angulation of the sternum. 

Case 7. A girl, aged 14, was known to have a vascular anomaly of the renal vessels. The blood pressure 
was 150/100 mm. Hg, and the electrocardiogram confirmed left ventricular hypertrophy. Roentgen exami- 
nation showed slight forward angulation of the sternum. 


DISCUSSION 


Maldevelopment of the sternum appears to be one of the commonest malformations associated 
with congenital heart disease. It is surprising that it is not more widely known in view of the 
importance of pre-operative diagnosis in congenital heart disease, particularly during the last 15 
years. Various explanations may be offered for the anomaly having passed unobserved: (a) it has 
been variously called funnel chest or ‘“‘voussure’’, that is a bulging of the precordium due to hyper- 
trophy and dilatation of the heart during childhood; (b) it has been regarded as a sequela of rickets; 
(c) it has not been observed roentgenologically because cardiac examinations do not always include 
lateral views; and (d) the sternum is seldom the seat of disease and is therefore not often examined. 

Three of our cases had been diagnosed as “‘ voussure,”’ and one as funnel chest for which he was 
operated upon in 1951. However, re-examination of the X-rays files of 80 other patients with 
funnel chest revealed no further sternal anomalies of this type. 

Descriptions and illustrations of sternal anomalies attributed to rickets have been published but 
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Fic. 2.—X-ray of sternum, showing fusion of the manubrium and body of the sternum; 

(a) in Case 2 at 5 years of age, and (b) in Case 3 at 4 years of age. 
these are probable manifestations of defective segmentation (Zimmer, 1939). Manuals on con- 
genital heart disease contain reproductions of frontal and oblique roentgenograms of the chest 
but rarely of lateral views, because such views are not generally used in examinations of congenital 
heart disease. A genetic factor could not be detected in any of our cases. The condition is there- 
fore probably due to some exogenous intrauterine injury. Since the frequency of sternal anomalies 
appears to vary with the type of congenital heart disease, being more common in the presence of 
septal defects than with coarctation or nes pulmonary stenosis, investigation of the underlying 
mechanism is desirable. 


SUMMARY 


Diminished segmentation or premature ossification of the sternum is one of the most common 
anomalies seen in association with congenital heart lesions. The malformation is readily recognized 
in lateral chest X-rays. The finding of such an anomaly indicates examination for congenital heart 
disease. 
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Major congenital defects of the hepatic veins are readily detectable at autopsy but they have been 
a scribed rarely. In the case reported here an anomalous disposition of these veins brought venous 
b ood from the left half of the liver into the left atrium and blood from the right half of the liver into 
tle right atrium. We have traced only two other similar cases (Arnold, 1868; Epstein, 1886). 

Pulmonary venous anomalies are better documented. They may divert the whole or a part 
© the pulmonary venous return from the left atrium into the right atrium or its tributaries. We 
s:.all neglect anomalies of parts of the pulmonary veins, for the present case is one of total anomalous 
venous drainage. Brody (1942) first subdivided this condition into an isolated form accompanied 
ouly by a patent foramen ovale or ductus arteriosus which makes the circulation possible, and 
into a complicated form in which the lesion is associated with major congenital cardiac defects, 
as in our case. Keith et al. (1958) recorded the insertions of the common pulmonary vein in 103 
cases of the isolated form of the disease: in 11 of these the insertion was into the portal vein or the 
ductus venosus. Edwards (1960) stated that 66 cases of the complicated form of total anomalous 
pulmonary venous drainage were to be found, mostly reported cases but some in the material of 
the Mayo Clinic. The associated cardiac defects have included cor biloculare and truncus arterio- 
sus: persistent atrio-ventricular canal, gross systemic venous malformations, and agenesis of the 
spleen, which were found in the present case, have also been recorded. Darling et al. (1957) 
registered infra-diaphragmatic insertions of the anomalous pulmonary veins in 10 out of 40 descrip- 
tions of the complicated form that they studied. Butler (1952) has divided cases of both forms 
of portal drainage of the pulmonary veins into group A in which the ductus venosus is the recipient 
vessel, as in our case, and group B in which the common pulmonary vein enters the left gastric 
vein. 

CASE REPORT 

A male infant was born normally at term to a primigravida of 25, who had suffered from no illness 
during the pregnancy. The infant breathed poorly, there was peripheral cyanosis, and the tone was limp. 
Air entry into the right lung was poor and the right side of the chest was drawn in on inspiration. A short 
systolic murmur was heard over the xiphisternum. The cyanosis deepened on exertion. The infant’s 
condition deteriorated progressively ; a convulsion and a hematemesis occurred on the morning of the third 
day and the infant died shortly thereafter. 


Necropsy 


The body weighed 3750 g. There was slight oedema of the face only and the xiphisternum was 
prominent. There were no effusions into the body cavities. Most of the abnormal findings, except those 
of the pulmonary veins, are represented diagrammatically in Fig. 1. 

The heart lay in the normal position and was not enlarged. The pulmonary trunk arose from the right 
ventricle through the pulmonary valve, which was 4 mm. in diameter and bicuspid, and divided normally 
into branches for each lung. The ductus arteriosus, which joined the right pulmonary artery to the right 
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aortic arch, was closed. The aorta lay posterior to the pulmonary trunk and was separated from tk > 
pulmonary valve by a band of muscle 3 mm. high (crista supraventricularis). The aorta arched to the righ , 
giving off the left innominate, right common carotid, and right subclavian arteries. The aorta was partial ; 
dextraposed and gave origin to the two coronary arteries. The aortic valve had three cusps. 

Inside the heart there was a defect 2 cm. in diameter in the lower part of the atrial septum and the upp r 
part of the ventricular septum. The valve of this common atrio-ventricular canal was formed by anteri: r 
and posterior cusps which were each continuous through the septal defect and were attached to chorc > 
tendinez of both ventricles. The defective portion of the ventricular septum lay below the line of closu > 
of the cusps so that the ventricles communicated in a subvalvular space. Part of the atrial septum w. 3 


RCC. LCC. 





HEMI- 
L.A. AZYGOS 


CAVA Fic. 1.—Diagram of the systemic venous and 
cardiac anomalies. 


RR, right renal vein’ RV, right ventricle. 
LR, left renal vein. LV, left ventricle. 
HR, vena hepatica dorsalis. vv, minute cardiac veins. 
HD, vena hepatica dextra. RSVC, atretic right superior 
HM, vena hepatica media. vena cava. 
HS, vena hepatica sinistra. LSVC, left superior vena 
hes, venula hepatica caudata cava. - 
superior. PA, pulmonary artery. 
RIVC, right inferior vena R and LSC, right and left 
cava. subclavian arteries. 
RA, right atrium. R and LCC, right and left 
LA, left atrium. common carotid arteries. 


9 


present above the interatrial defect but it was fenestrated. This form of common atrio-ventricular can: | 
has been defined as the complete type by Wakai and Edwards (1958). 

Venous Anomalies. Into the right atrium ran a minute and atretic vessel representing the right supericr 
vena cava. The main vessel entering the right atrium was a right inferior vena cava. It began as a branc? 
of the right renal vein and, passing upwards, ran for 2 cm. in a groove on the postero-lateral surface of th > 
liver. Next it occupied the normal site of the hepatic part of the inferior vena cava, i.e. between cauda' ? 
and right lobes and received hepatic veins from the caudate lobe (hcs) and the right lobe (HR, HD) as usu | 
near the diaphragm. The left hepatic ostium was not present. 

The lower part of the inferior vena cava was normal, but above the junction of the renal veins, it faile ! 
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to establish the usual direct connection with the hepatic portion. Instead it ran leftwards and upwards, 
lying posterior to and to the left of the right inferior vena cava, and entered the thorax in the position of the 
infcrior hemiazygos vein. This large vessel, which has been designated the hemiazygos cava, finally joined 
a lft superior vena cava to enter the left atrium as a persistent left duct of Cuvier. A few minute veins 
entzred the left atrium close to the duct of Cuvier and apparently represented the oblique vein and the 
coi nary sinus. 

A second large vein entered the lower part of the left atrium. This /eft common hepatic vein arose in 
the liver but was entirely separate from the hepatic part of the right inferior vena cava and lay to the left 
of :. It was made up of the two veins (HS and HM), which normally unite to form the left ostium, and 
thu ; drained the left lobe and central mass of the liver. A connection could not be traced between this vessel 
an the ductus venosus. 

The pulmonary veins were not connected in any way to either atrium but united in a T junction to form 
al rge common pulmonary vein (Fig. 2). This ran downwards, posterior to the vessels described above, 





Fic. 2.—Posterior view of the viscera to show common pulmonary vein narrowing before entering portal sinus. The 
stomach has been turned upwards and to the right. Other structures are labelled in the outline drawing as 
follows. 


1. aortic arch. 7. left superior vena cava. 13. right inferior vena cava with 
2. pulmonary artery. 8. right pulmonary vein. hes. 
3. cavity of left ventricle. 9. left pulmonary vein. RL, right lung. 
4. cavity of left atrium. 10. common pulmonary vein. LLL, left lobe of liver. 
5. posterior wall of left atrium. 11. left branch of portal vein. ST, stomach. 
6. entry of left common hepatic 12. portal sinus. CL, caudate lobe. 
vein into left atrium. GB, gall bladder. 


reaching the groove for the ductus venosus to the left of the caudate lobe, finally to enter the left part of the 
portal sinus in the place of the ductus with which it was apparently incorporated. Towards its termination 
the common pulmonary vein was narrowed (Fig. 2), and histological sections showed muscular contraction 
I 
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and intimal fibrosis like that seen in the physiological obliteration of the ductus venosus. The sectic 15 
confirmed the absence of any other structure in this region corresponding to the ductus venosus. 

Obliteration of the umbilical vein had begun. The spleen was absent and there was no trace of a sple: ic 
artery or vein. No other anomalies of the portal venous system were found. The /iver was of the usi al 
shape and not abnormally lobate. The gut was normally rotated. The stomach did not contain any bloc d, 
and varices were not seen on gross or microscopical examination of the cesophagus. The structure of t 1e 
lungs appeared normal on gross and on microscopical examination. In the rest of the post-mortem exami 3- 
tion there were no other abnormal findings. 


DISCUSSION 


The prognosis in cases of anomalous pulmonary venous drainage diagnosed during life is nt 
uniformly bad, but Keith et a/. (1958) found that in the isolated form of the anomaly, an infr.- 
diaphragmatic insertion of the pulmonary vein carried a bad prognosis, even in infancy. Butl:r 
(1952) noted that, in cases of both isolated and complicated forms, survival was shorter when tlie 
pulmonary vein entered the ductus venosus (group A) than when it was inserted into the left gastric 
vein (group B). He pointed out that the obliteration of the ductus venosus in the neonatal period 
is likely to have a more deleterious effect in group A than in group B cases. The gross narrowing 
of the common termination of the pulmonary vein and the ductus venosus in our case (Fig. 2) was 
probably due to this physiological process. It is considered to have been the cause of death, for 
the ductus was not connected superiorly with any hepatic or other vein, and obliteration of the 
lower end sealed the only demorstrable outlet for venous blood from the lungs. Laurence and 
Brown (1960) have reported massive and fatal hematemesis from cesophageal varices in a baby 
with the isolated form of the anomaly and insertion of the common pulmonary vein into the left 
gastric vein. Hzmatemesis was recorded terminally in our patient’s history, but the bleeding was 
small and its origin was not located. Varices were not present in the cesophagus and the left gastric 
vein was not dilated. 

Duckworth (1958) dates the pathogenesis of anomalous venous drainage of the lungs between 
the third and eighth weeks of embryonic life. The failure of the pulmonary veins to join the left 
atrium may be regarded primarily as a cardiac malformation that in turn necessitates the retention 
of more primitive channels of venous drainage from the lungs. Butler (1952) cites the evidence 
for the view that the cardio-pulmonary venous junction is normally effected between an outgrowth 
of the dorsal wall of the sinu-atrial chamber and the pulmonary portion of the foregut venous 
plexus. When this new outflow into the left atrium is not achieved, a primitive interconnection of 
the pulmonary part of the foregut venous plexus with the cesophageal or gastric part may persist 
and give rise to a common pulmonary vein with insertion into the left gastric vein. Butler supports 
this view of the origin of the type B cases by referring to the persistence in normal rats of porta- 
pulmonary venous connections along the vagus nerves, and refers to comparable veins in normal 
adult men. Venous shunting through such veins in cirrhosis may be responsible for undersaturation 
of arterial blood with oxygen and so for finger clubbing in that condition (Georg et al., 1960). 
Butler considers that connections of the common pulmonary vein with the ductus venosus in type A 
cases are likewise persistent elements of the foregut venous plexus. This view is more difficult ‘o 
substantiate because there are no parallels to be drawn from normal human or comparative anatomy, 
and because the liver, which originates from the caudal part of the foregut, derives its venous supply 
from the vitelline veins and not from the true foregut plexus. Between these two venous becs, 
however, there are connections that may take part in the early formation of the ductus venosts. 
The ductus venosus develops as an integral part of the venous system of the liver, and so from tiie 
vitelline veins and not from the left umbilical vein (Huzly, 1942; Dickson, 1957), as was on:e 
supposed. 

The upper part of the ductus venosus was absent in our case (Fig. 2) and this may be related 0 
the anomalies of the hepatic veins. At the 5-mm. stage (fourth-fifth weeks) the liver is drained ly 
the primary right and primary left hepatic veins into the respective ducts of Cuvier (common cardinal 
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veins) close to the sinus venosus (Dickson, 1957). The veins are united by the subdiaphragmatic 
anastomosis which receives the upper end of the ductus venosus. Normally during the ensuing 
week the primary left hepatic vein loses its connection with the left side of the heart and draws over 
to the right, absorbing the subdiaphragmatic anastomosis together with the attachment of the ductus 
ve osus, and becomes the secondary left hepatic vein. This definitive vessel unites proximally with 
th right hepatic vein, which has not undergone any comparable metamorphosis, to form the 
conmon hepatic vein, which drains into the right atrium and gives origin to the hepatic portion of 
th. inferior vena cava. The absence of an upper attachment of the ductus venosus in our case 
is xplained by the failure of the secondary left hepatic veins and possibly of the subdiaphragmatic 
an stomosis to develop at all. The hepatic veins from the median mass (HM) and from the left 
lo! e (HS) emptied into a common left hepatic vein or persistent primary left hepatic vein, which 
m: intained its drainage into the left atrium (Fig. 1). The malformation may be regarded as 


es: :ntially a failure in closure of the sinu-atrial mouth of the primary left hepatic vein. As with 


th: pulmonary venous anomaly, we are led to suspect a primary defect in the left side of the sinu- 
:.al chamber about the fifth week. 

Other Reported Cases. A case reported by Arnold (1868) resembles ours in several respects 
ali iough it was apparently complicated by situs inversus of the heart. Arnold described a single 
ve tricle, a single ventricular efferent valve, and an atrial septal defect. A common pulmonary 
ve 1 ran parallel to the ductus venosus and discharged by three channels into separate portal 
ve ‘ous branches in the porta hepatis. The spleen was absent. The inferior vena cava lay in a 
grcove on the left side of the liver, and was joined by the left hepatic vein (HS) and by some other 
small veins before entering the left (systemic) atrium. The superior vena cava and coronary sinus 
als» entered the left atrium. The right atrium received a common hepatic vein of which the radicles 
were the right and median hepatic veins (HD and HM). Thus both atria received hepatic veins 
as in our case. We have traced only one other report of drainage of hepatic venous blood into both 
right and left atria. Epstein (1886) described an 11-day-old infant with the complicated form of 
total anomalous pulmonary venous drainage and absence of the spleen. The common pulmonary 
vein joined the superior vena cava which entered the right atrium. Some of the hepatic veins also 
drained via systemic veins into the right atrium, for part of the hepatic venous outflow entered the 
inferior vena cava directly and blood from an anomalous lobe of liver reached the cava indirectly 
via an abnormal left renal vein. The greater part of the hepatic venous blood, however, entered 
the left atrium directly. 

In other cases of the complicated form of anomalous pulmonary venous drainage, the hepatic 
portion of the inferior vena cava has been absent and the hepatic veins have united in a single trunk 
to join the heart directly. The anomalous pulmonary venous drainage was total in the case of 
Schelenz (1909) and partial in the case of Lawrence and Nabarro (1901-02) in which the spleen 
was absent. Other anomalies of the hepatic veins have been reported in cases in which the pul- 
monary veins had developed normally. In the case of Griffith (1891-92), situs inversus and what 
was apparently a persistent atrio-ventricular canal were found together with absence of the ductus 
venosus and of the hepatic portion of the cava down to the renal veins; the liver consisted of four 
separate lobes which the author named right, left, spigelian, and quadrate lobes, but the blood 
from their veins entered the systemic atrium. In Nabarro’s (1902-03) second case a common left 
hepatic vein, similar in composition to that in the present case, joined a left superior vena cava 
together with the coronary sinus and so passed to the right atrium. In this case of Nabarro’s, in 
contrast with ours, the definitive left hepatic vein failed to preserve the primitive insertion of the 
primary left hepatic vein. 

Other malformations of the hepatic veins are secondary to anomalies of the portal vein (Hellweg, 
1954) or of the inferior vena cava (Abernethy, 1793; Miller, 1925; Huseby and Boyden, 1941; and 
Effler et al., 1951). We have recently examined at autopsy a 5-week-old infant in which the hepatic 
portion of the cava, complete with hepatic venous ostia, was united inferiorly to a persistent left 
inferior vena cava emptying into the right atrium. Other congenital anomalies were present in 
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the inferior vena cava, and the ductus venosus was absent; the stomach, duodenum, and splee 1, 
which was composed of several spleniculi, were transposed and there was a pulmonary infundibu' ir 
stenosis of the heart. Schelenz (1909) reviewed some comparable cases. 

Anomalies of the inferior vena cava have been described by other authors. Edwards (19:1) 
has suggested a classification for some of them. The embryological development of the cay il 
system is summarized by Hamilton et al. (1952) who refer to some of the original papers. T ie 
right inferior vena cava in our case received veins from the right half only of the liver (Fig. ). 
The hepatic cava was defective, not only in the absence of a left ostium but also in a proper cc 1- 
nection with the lower part of the cava. Normally a caudal protrusion of the hepatic cava joi is 
the intersubcardial anastomosis to form the portion of the cava between the liver and the rer il 
veins. The fact that this portion was entirely wanting may possibly be associated with the failu e 
of the left hepatic venous elements to join the hepatic portion of the cava and may thus be relat: d 
to the other anomalies in the case. The hepatic cava was abnormally connected to the right renal 
vein through a vessel occupying the course of the right ascending lumbar vein, a derivative of tie 
embryonic medial sympathetic vein of the azygos line system. 

The main outflow from the inferior vena cava took another course, and reached the left superior 
vena cava through a vein that was probably derived from the left medial sympathetic vein and 
that we have named the hemiazygos cava (Fig. 1). Atrophy of the left superior vena cava normally 
begins about the seventh week with increasing predominance of the right superior vena cava arid 
with transfer of its cardiac tributaries, the oblique vein and the coronary sinus, to the right atrium. 
A few small veins entering the left atrium in our case were taken to be the cardiac veins, so that 
the whole complex of the left duct of Cuvier had remained persistently patent and attached to the 
left side of the heart. The right superior vena cava never assumed its proper importance and was 
atretic. Perhaps this persistence of the embryonic state was due, like the other venous anomalies 
in the case, to some defect present in the left part of the sinu-atrial chamber at the fifth week. 

The relationship of the splenic agenesis to the venous anomalies in our case is not clear, but the 
spleen has been reported to be absent in various instances of situs inversus, of congenital heart 
disease, and of venous anomalies. Jaffe (1921) published a case of splenic agenesis which was 
associated with persistent left duct of Cuvier, persistent left anterior cardinal vein, and absence of 
the hepatic portion of the cava: in the heart there was a persistent common atrio-ventricular canal. 
This form of cardiac malformation is rarely associated with congenital venous anomalies (Rogers 
and Edwards, 1948; Wakai and Edwards, 1958), but the association occurred in our case and in 
the case of Griffith (1891-92), as well as in that of Jaffe. Common atrio-ventricular canal results 
from failure of the endocardial cushions and the atrial septum primum to unite. This fusion 
normally occurs about the sixth week of intrauterine life (Duckworth, 1958). Thus persistent 
atrio-ventricular canal is determined at the fifth week, the period at which we have postulated a 
basic defect in the left sinu-atrial cavity as the origin of the venous anomalies. 


SUMMARY 


At autopsy on a 3-day-old infant the pulmonary veins were found to drain entirely into the 
portal sinus at a site corresponding to the lower end of the ductus venosus. Death was due to 
narrowing of this common pulmonary vein by a process resembling the physiological obliteration of 
the ductus venosus. 

A common atrio-ventricular canal persisted in the heart, the aorta was partially dextraposed, 
and the aortic arch was right sided. The right atrium received an atretic right superior vena ca’/a 
and a right inferior vena cava that arose from the right renal vein. Blood from the right half of t'e 
liver drained into the right inferior vena cava and so into the right atrium. The left half of tie 
liver was served by a left common hepatic vein which entered the left atrium directly. The le ‘t 
atrium also received a persistent duct of Cuvier composed of a left superior vena cava and a her - 
azygos cava which was continuous with the lower part of the inferior vena cava. The spleen w s 
absent. 
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The case is compared with other examples of total anomalous pulmonary venous drainage and 
of congenital defects of the hepatic veins. Hepatic venous drainage into both atria is exceedingly 
rare. 

The embryological basis of the anomalies is briefly considered. A defect in the region of the left 
sinu-atrial cavity about the fifth week of intrauterine life is postulated as a possible precursor of 
most of the anomalies. 


We are indebted to Professor F. M. B. Allen for the clinical history, to Mr. G. Smith for the drawing of Fig. 1, 
ari to Mr. D. McA. Mehaffey for the photograph. 
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The azo dye Coomassie Blue is relatively non-toxic, has a rapid disappearance rate, and do>s 
not cause any skin discoloration (Taylor and Shillingford, 1959). Because it has these properti-s 
the dye can be given repeatedly to man at short intervals of time, a particularly important qualiiy 
for investigations based upon the Stewart-Hamilton indicator dilution curve. Indeed, the dye 
has already been successfully used in studies of cardiac output (Taylor and Shillingford, 1959) and 
of congenital heart defects (Oakley et al., 1960). This paper presents further information about the 
dilution characteristics of the dye in man. The results reported include procedures in which radio- 
iodinated human serum albumin (I!3! H.S.A.) and Coomassie Blue were injected simultaneously. 


PATIENTS AND METHODS 
Seventeen patients were investigated, eleven men and six women. Their diagnoses are listed in 
Table I. Each lay supine for at least one hour before, and throughout, the procedure, and all 
had been fasting for at least five hours before study. 



































TABLE I 
SUMMARIZED DaTA ON 15 PATIENTS INJECTED WITH COOMASSIE BLUE 
| ] 
No. | Patients Diagnosis | Weight | Hema- | Dye | Plasma | Plasma Mixing time 
(kg.) tocrit | injected | volume | volume (minutes) 
| Age | Sex | | (%) | (mg.) dye [131 ae 
| | | | H.S.A. | 131 
Dye | H.S.A 
1| 56 | M | Carpal tunnel syndrome | 899 | 45 | 19-7 5330 | 4569 -— | — 
| | (twice) | 6823 4738 —- | = 
2; 3 \|M Essential hypertension ss 23-9 2690 2575 —- | — 
| | | (thrice) | 2450 2328 —- = 
| 6336 | 2771 = 
3 | 33 | M | Acute rheumatic fever 636 | 34:5 41:2 4604 3506 — | — 
| (twice) 4882 | 3709 sa AN 
418 iF Constrictive pericarditis | 445 | 41 | 38-3 3600 | 2764 | $ 
5 | 69 | F Ischemic heart disease | oe | @-, |} &2 3007 2199 16 | 16 
6 51 | M | Splenomegaly (cause | 
| uncertain) | 64:5 | 48 30-4 4053 2780 6 | 7 
7 | 61 | M | Cor pulmonale 54 | 65 42°5 2417 2132 a a 
8 | 38 M_ | Hypertensive heart failure 59 | 36 | 44:8 4240 3687 —_ | — 
9 | 54 | M | Megaloblastic anemia | 60 | 22 | 27-2 3126 — — | — 
10 | 61 | M | Ischemic heart disease | 863 | 46 27-6 3247 _ 89, — 
a ae Drug eruption | 61:4 | 42:8 | 21-1 3768 — 3 | — 
12; & | F | Ischemic heart disease | 41-1 | 37 | 22-4 4148 — 4 — 
Dio F | Iron deficiency anemia 43-2 38 29:7 | 2884 ~- 6 | —_ 
14 | 32 | M | Myocardial infarction | 53-6 465 | 19-6 2178 _— 3 | — 
15S | 49 | M | Megaloblastic anemia | 545 | 25 | 21-3 4096 — 4 | — 
| 





=_ 
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from the Dazian Foundation for Medical Research. 


150 











gi 
in| 


ar | 


pr: 
ar: 
Pf 
ar 
of 


of | 
fro: 


to | 


Sar 
thr 


sta 
Or | 


star 
in < 
bet! 
tior 
cipi 
[131 
et ¢ 
cor 


in a 


the 
Stuc 
sym 


sam 





| dors 
erties 
ualiiy 
e dye 
») and 
ut the 
radio- 
ously. 


sted in 
nd all 





PblT TIT les sul LTLLT 





f a graat 











DILUTION CHARACTERISTICS OF COOMASSIE BLUE IN MAN 151 


Four different procedures were carried out. 

(A) Seven patients received Coomassie Blue alone. Dilution curves were constructed from 
venous samples taken every one or two minutes during the first ten minutes, and at three-, five-, 
or ten-minute intervals, between ten and sixty minutes after injection. 

(B) Four patients received an injection of a solution containing both Coomassie Blue and 
J! 1 H.S.A. Venous samples were taken at approximately the same time as in group A. 

(C) Three patients received an injection of the dye-isotope mixture and venous samples were 
ta en at four-minute intervals from twenty to forty minutes after injection. These patients were 
gi en a second injection forty minutes after the first and samples were again taken at the same 
in ervals. A third injection was given to one patient eighty minutes after his first injection (forty 
m nutes after the second) and venous samples were taken as after the first two injections. 

(D) Two patients received a rapid intravenous injection of the dye isotope mixture and femoral 
ar erial samples were obtained at three-second intervals during the first minute after injection. 

In all procedures a syringe calibrated by weighing was used and the injection was given into a 
pr minent antecubital vein. The duration of injection was two to four seconds in groups A, B, 
ar 1 C, and one to two seconds in group D. Group A was given undiluted 2 per cent Coomassie 

lie. Groups B and C received injections from a dye-isotope mixture prepared as follows: 
at proximately 20 microcuries of I!3! H.S.A. were added to 2 ml. of the patient’s plasma, 2-5 ml. 
of 2 or 4 per cent Coomassie Blue (50 or 100 mg.), and 18 ml. of isotonic saline. The volume 
in ected was between 5 and 10 ml. The patient’s plasma was used as a source of extra protein 
to prevent adsorption of the labelled albumin on to the glassware during injection and preparation 
of standard solutions (Reeve and Franks, 1956). The venous samples were taken without stasis 
from an antecubital vein in the opposite arm in groups A, B, and C. 

Group D received 4 ml. of an injection solution prepared from 60 microcuries of I!3! H.S.A., 
2 ml. of the patient’s plasma, 4 ml. of 2 per cent Coomassie Blue, and 14 ml. of isotonic saline. 
Samples were collected during three-second periods from a 5-cm. polythene tube connected by a 
three-way stopcock to a No. 17 thin-walled needle in a femoral artery. 

The Coomassie Blue was extracted by the acetone method of Clausen and Lifson (1955). All 
standard solutions, blanks, and samples were read in a Unicam SP 600 spectrophotometer at 585 mu., 
or in a Unicam SP 300 G.P. colorimeter with an Ilford No. 626 filter. 

The radioactivity of each injection solution was determined by preparing three 1:50 diluted 
standard solutions. One ml. of each standard, plasma blank, and plasma sample was counted 
in a well-type scintillation counter. For measurement of plasma volume the disappearance slope 
between twenty and forty minutes was extrapolated on semilogarithmic paper to the time of injec- 
tion according to the method of Gibson and Evans (1937). 

Free I!3! in the I'3! H.S.A. was determined by counting the supernatant fluid after twice pre- 
cipitating protein with 20 per cent trichloracetic acid. As it has been shown that most of the free 
I!31 escapes from the intravascular compartment during the first ten minutes after injection (Berson 
et al., 1952; Berson and Yalow, 1952), the plasma volume results reported in Table I have been 
corrected for this free I'3! by multiplying the observed plasma volume by 0-95. 

The hematocrit was determined after spinning a Wintrobe tube at 3000 r.p.m. for thirty minutes 
in a centrifuge with a radius of 15 c.m. to the far end of the tube. 


RESULTS 


Fig. 1 shows that the dilution curves of Coomassie Blue and I'3! H.S.A. are very similar during 
the first transit through large vessels, lungs, and heart after simultaneous injection. The patient 
studied was a man aged 50 with Caplan’s syndrome. The second patient, a woman aged 49 with 
symptomless mitral stenosis, had an almost identical dilution curve. 

Fig. 2 shows typical dilution curves of Coomassie Blue and I'3! H.S.A. obtained from venous 
samples after simultaneous injection. 















Plasma concentration (mg/L or counts/sec/ml) 





Plasma concentration (mg/L or counts/sec/ml) 





PARRY AND TUCKMAN 


e |"HSA 
© Coomassie Blue 





i i i d. i 





> 20r 
y 
i] 
< 
w 
Co 
c 
3 
o 10k 
= 
ro) 
no 
Ee 
NZ 
3 
> 
yo 
Cc 
| 
° 
& 
<= 
2 


30r 


i020 30 40  5O 60 
Time (seconds) after injection 


Fic. 1.—Simultaneous injection of 1'31 H.S.A. and Coomassie Blue. Arterial sampling. 
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Fic. 2.—Simultaneous injection of 1131 H.S.A. and Coomassie Blue. Venous sampling. 
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Fig. 3 shows the disappearance slopes after repeated and equal simultaneous injections of 
Coomassie Blue and I!3! H.S.A. The first two disappearance slopes of Coomassie Blue are quite 
similar (as was found in two other patients), but the third Coomassie Blue disappearance slope is 
secn to be much less than the preceding two. 
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Fic. 3.—Patient 2. ¥ Repeated simultaneous injections of 113! H.S.A. and Coomassie Blue. 
Venous sampling. 
The full details of every patient are given in Table I, and it can be seen that although the mixing 
time of Coomassie Blue and I'3! H.S.A. are closely similar, the plasma volume results measured by 
Coomassie Blue are consistently higher than the volumes measured by I'3! H.S.A. 


DISCUSSION AND CONCLUSIONS 


From the data presented it is seen that Coomassie Blue has the same distribution as I!3! H.S.A., 
during its first transit through the large vessels, heart, and lungs. Since it has been shown that 
[131 H.S.A. remains intravascular during this period (Lilienfield et a/., 1956; Tuckman et al., 1959), 
we conclude that this is also true for the dye. These findings are consistent with the work of 
Taylor and Shillingford (1959) who found that the cardiac output measured by both Coomassie 
Blue (indicator dilution method) and the direct Fick method were not significantly different. More- 
over, as the dye can be repeatedly given during a short period without toxic reactions or skin dis- 
coloration, we conclude that this is an excellent dye for indicator dilution methods, based upon 
the initial periodic portion of the dye dilution curve. 

Before an indicator can be considered for use in plasma volume determinations the character- 
istics of its dilution curve after the first lesser circulation must be known. From the results of mixing 
times reported above, with one exception, it can be seen that the plasma concentration of Coomassie 
Blue falls most rapidly between the second and tenth minutes after injection. The next phase, 
when the plasma concentration falls less rapidly, lasts until approximately sixty minutes after 
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injection. In eight of nine patients in whom samples were taken sixty minutes after injection 
the concentration of dye in the plasma was consistently greater than that predicted from the pr>- 
ceding disappearance slope. 

The first phase of rapid fall in plasma Coomassie Blue concentration coincides with a simil ir 
phase in the dilution curve of simultaneously injected I'3! H.S.A. Also when the dye is given alo::e 
this first phase falls within the time limits established for a similar phase in the dilution curve >f 
T-1824 (Evans Blue) (Gregerson and Rawson, 1959), and for I'3! H.S.A. injected alone (Benso 1, 
1954; Tuckman and Finnerty, in preparation). The first phase for T-1824 and I'!3! HLS.A. is 
primarily due to intravascular mixing (Berson and Yalow, 1952; Tuckman et al., 1959; Gregers« n 
and Rawson, 1959). We interpret our results as indicating that this first phase of Coomassie Bl:e 
dilution is primarily, although not solely, due to intravascular mixing, but that there may also le 
additional and significant extravascular escape. The evidence for this early significant extri- 
vascular escape of Coomassie Blue is based on the observation that, if an exponential construct d 
from the twenty- to forty-minute samples is extrapolated to the time of injection, the plasma volume 
so calculated is found to be larger than the plasma volumes similarly determined from simultaneous:y 
injected I'3! H.S.A. Also, similar estimates of plasma volume after injection of dye alone usualiy 
showed values much above the limits expected in subjects with the pathological conditions present 
(Berson, 1954; Gregerson and Rawson, 1959). Further evidence for this early extravascular dye 
escape, which cannot be corrected for by extrapolation, is the observation in eight of nine cases of 
unexpectedly high dye concentrations in plasma samples at sixty minutes after injection. This is 
the period when lymph that had taken up dye during the first phase of the dilution curve would be 
returning to the systemic circulation in sufficient quantity to change the previous disappearance 
slope (Krieger et a/., 1950; Wasserman and Mayerson, 1951; Schultz et al/., 1953). We feel therefore 
that the dye Coomassie Blue cannot be used in estimation of plasma volume by the usual method 
of Gibson and Evans (1937). 


SUMMARY 


The dye Coomassie Blue has been studied in seventeen patients, after injection alone, and 
together with radio-iodinated human serum albumin. 

Evidence has been presented to indicate that Coomassie Blue remains intravascular during its 
first transit through the lesser circulation. There is, however, a substantial early extravascular 
escape of the dye and this invalidates its use for plasma volume measurement by the usual methods. 


We wish to thank Dr. J. P. Shillingford for his interest and encouragement at all stages of this work. The 
Coomassie Blue was kindly supplied by Imperial Chemical Industries. The I!3! H.S.A. was obtained from the 
Radiochemical Centre, Amersham. 
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ENDOCARDIAL THICKENING ASSOCIATED WITH DISEASED 
VALVES 
BY 
W. J. S. STILL 
From the Royal Free Hospital 


Received September 16, 1960 


Focal endocardial thickening is often found in relation to diseased valves and is particularly 
fr‘ quent on the upper part of the interventricular septum in association with aortic regurgitation. 
Sc me of the endocardial thickenings may be in the form of endocardial pockets or false valves 
(Fg. 1), and at times a similar type of localized thickening is found in the aortic intima just above the 





Fic. 1.—Endocardial pocket formation associated with aortic regurgi- 
tation and stenosis. A traumatic intimal thickening is present 
on the aorta just above the valve. 


valve. It is now generally accepted that these lesions are the result of the abnormal jets and eddies 
of blood set up by the distorted valve impinging on these particular areas of the endocardium or 
intima (Krasso, 1929; Saphir, 1930; Ingham and Henthorne, 1938; Hellerstein, 1947). 
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What appears to be a related type of endocardial thickening constitutes one form of sub-ao:tic 
stenosis. This consists of a semi-circular or annular bar of endocardium situated just below an 
aortic valve, which is usually stenosed or otherwise diseased. Gruenwald (1947) considered t iis 
type of endocardial thickening to be the result of inflammation, but it seems likely that many of ‘he 
examples of subaortic stenosis combined with aortic valve disease are due, like the focal thickenin 3s, 
to abnormal blood flow (Saphir, 1953). 

The pathogenesis, as distinct from the etiology, of these thickenings has hardly been considei 2d 
in earlier writings, and it was of some interest therefore to find mural deposits of fibrin in rand m 
sections of focal thickenings. To find out whether these deposits were of any significance, a m« re 
detailed study of focal thickenings was made in ten cases of aortic valve disease and in two cases of 
adult sub-aortic stenosis. This paper describes the results of the study and illustrates the import nt 
part played by mural deposits of fibrin in the pathogenesis of these types of thickening. 


RESULTS 


The focal thickenings show some variation in their histological appearance. Some are compzct 
and hyaline in structure (Fig. 2), while others are more fibrillary and cellular (Fig. 3); and all 





Fic. 2.—This shows the hyaline nature of some of the Fic. 3.—A more fibrillary and cellular type of thicken- 
focal thickenings. H. and E., x 90. ing. The elastic tissue present is confined to te 
base of the lesion. Weigert’s elastica, x 90. 


grades between these may be found. A few, particularly some of those most obvious macrosc )- 
pically, are amorphous in appearance and friable when cut. These usually contain quantities of 
partially organized thrombus (Fig. 4). The principal fibrillary content in all is collagen, and theve 
is only slight elastic tissue proliferation, which occurs at the base of the thickening and round ts 
circumference. None of the plaques show generalized elastic tissue proliferation. All show sorie 
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Fic. 4.—An amorphous type of focal thickening. H. Fic. 5.—Small multiple mural deposits on the surface 
and E., x 90. of a hyaline type of thickening. H.and E., x 190. 
— degree of subendocardial fibrosis: in some, this change is conspicuous (Fig. 4); in others, it is 


minimal in degree (Fig. 3) and the appearances suggest that the thickenings are lesions super- 
imposed on the endocardium and that any changes in the subendocardium and adjacent myocardium 
are secondary events. 

The presence of partially organized mural thrombus in the larger thickenings is usually not hard 
to find, and serial section of the more compact plaques show that mural deposits of fibrin occur 
on many of these also. In most, the deposits are small (Fig. 5), but may be multiple, while in others 
the thrombotic material is more extensive, and these plaques have usually a hyaline appearance. 
The smaller deposits always show evidence of active incorporation into the endocardium, while 
the larger thrombi often show only minimal cellular activity around them. It seems likely that the 
latter circumstances lead to the production of the larger, more amorphous plaques, already 
described. 

Four of the ten hearts with focal thickenings showed also endocardial pockets or pseudo-valve 
formation. These too were found to vary in appearance in a similar manner to the focal thicken- 
ings. Some were well-formed structures, composed principally of collagen with a little stiffening 
of elastic tissue on the surface exposed to the regurgitating stream of blood (Fig. 6). Others were 
smaller in size, more hyaline in appearance, with a core of material that at times stained as fibrin 
rosc)- §— (Fig. 7), and contained no elastic tissue. Again, others were thin cellular tags of fibrous tissue 
ties of & flattened against the endocardial surface so as not to appear to be separate until examined histolo- 
i there & gically. 
ind ts It is supposed (Ingham and Henthorne, 1939; Hellerstion, 1947) that these endocardial pockets 
, sorie — are formed from pre-existing collagenous thickenings which have been dissected by the force of the 























Fic. 6.—A well-formed endocardial pocket. The dis- Fic. 7.—A small endocardial pocket. The material in 
tribution of the elastic tissue is shown. Weigert’s its core stains as fibrin and a recent mural deposit 
elastica, x 65. is present. H.andE., x 90 


regurgitating blood stream. While this may be so, it is clear from the appearance of early forma- 
tions, such as that seen in Fig. 8 and some of the well formed smaller lesions, that some at least arise 
directly from deposited thrombotic material and that the pockets begin to form soon after deposi- 
tion has occurred. It would seem likely that this is the time, when the deposited material is only 
partly organized and therefore malleable, that the pockets can form most easily. These pockets 
may attract further mural deposition after their formation (Fig. 7) and it may be that some pockets 
silt up in this manner and become focal thickenings, a reverse of the accepted sequence. Only four 
of the ten hearts showed these endocardial pockets, and their formation did not appear to depend on 
the degree of functional disorder of the valve or on the number of focal thickenings or on their 
distribution. In one heart (Fig. 1) almost all the focal thickenings were of the pocket variety. 
Three of the hearts showed focal areas of aortic intimal thickening just above the aortic va!ve 
(Fig. 1). These were similar in gross appearance and position to the intimal thickenings ascribed 
by Krasso (1929) to the traumatic effect of abnormal jets of blood on these areas. They differ, 
however, in their histological structure from the endocardial lesions. They, the aortic lesions, tend 
to project into the lumen less, they are also more hyaline in appearance than the majority of the 
endocardial lesions, and in the depths of the thickening there is an area of medial destruction, well 
shown in sections stained for elastic tissue (Fig. 9). This destruction is confined to the centre of ‘he 
lesion, although the intimal thickening is conspicuous for some distance on either side. The appe ir- 
ance is quite unlike that of a fibrous atheromatous plaque. No mural thrombi were found in any 
of the three lesions examined, but each had a layered appearance suggesting it may have been 
built up of successive mural deposits. 
The structure of the endocardial thickening in sub-aortic stenosis is similar to that of the foval 
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Fic. 8.—Two endocardial pockets in the process of for- Fic. 9.—An aortic lesion. Note the destruction of the 
mation. The material lining the clefts or potential media as displayed by the absence of elastic tissue. 
clefts stains as fibrin. H. and E., x 150. Weigert’s elastica, x 130. 


thickenings, although the degree of thickening is much greater. The main fibrillary content is 
collagen and any elastic tissue is confined to the base of the thickening, or may stometimes be 
present at the edges (Fig. 10). At times the elastic tissue in the base shows fragmentation, a change 
that is not apparent in the focal thickenings. The two annular thickenings examined varied in 
the amount of subendocardial and myocardial fibrosis present. In one it was conspicuous, in the 
other minimal in degree. Both, however, showed areas of mural thrombosis and fibrin deposition 
on their surface, and in the part of the thickening where these occurred, the appearance was similar 
to that of the larger and more amorphous of the focal thickenings (Fig. 11). In both examples there 
were, distal to the sub-aortic thickening, smaller areas of focal thickening, and in one case endocardial 
pocket formation. These were similar in structure to the other focal thickenings previously 
described. 


DISCUSSION 


Both these types of endocardial thickening are apparently the result of abnormal jets and eddies 
of blood set up by a diseased and distorted valve. Both show mural deposits of fibrin which are 
in the process of being incorporated into the endocardium, and the evidence suggests that these 
processes occur at an early stage in the formation of the thickening and also provide suitable cir- 
cumstances for the production of pseudo-valves. 

These appearances, namely mural thrombus formation, have not gone unnoticed in the past. 
Saphir (1930) found organizing thrombi in two out of six cases of endocardial pocket formations, 
but he ascribed these thrombi to an underlying acute bacterial endocarditis of the aortic valve 
which was present in these particular cases, and did not believe that mural thrombosis played any 
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Fic. 10.—Sub-aortic stenosis. This shows the dense Fic. 11.—Sub-aortic stenosis. The surface of this area 
nature of the thickening. H.andE., x 150. of the bar is composed of fibrin. H. and E., x 150. 


part in the formation of focal thickenings in general. It is clear, however, from the evidence pre- 
sented here that mural deposition does not depend on bacterial infection of the endocardium for its 
occurrence, since none of the hearts in this series showed any inflammatory change. 

These mural deposits are clearly an important factor in the thickening process, and indeed, it 
is not surprising that this should be so, since the continual trauma evoked by jets of blood impinging 
on a particular area of endocardium would seem to create suitable conditions for deposition. The 
conditions are similar to those that dictate where fibrinous vegetations will occur on the valve, and 
mural encrustation on the left atrium in acute rheumatic endocarditis (Hadfield and Garrod, 
1947). 


SUMMARY 


Focal endocardial thickening associated with diseased aortic valves and the endocardial thicken- 
ing in sub-aortic stenosis were examined histologically. It was found that, in both these types of 
endocardial thickening, mural deposits of fibrin were present and were being incorporated into the 
endocardium. The importance of this process in the formation of the thickening is emphasizec. 
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In 1902 Mackenzie described the jugular pulse tracing from a patient with atrial fibrillation 
(F z. 1). Pressure declined as the ventricle filled, and rose again before the ventricle contracted. 
He took this to be a sign that the ventricle filled some time before it contracted, and attributed the 
ris: in venous pressure to stasis. In 1906 Yandell Henderson described the volume changes of the 
be: ting mammalian heart and showed that ventricular filling is accomplished rapidly during a 
phase that begins with the opening of the atrio-ventricular valve and ends with the muscle ceasing 
to relax. Blood flow into the ventricle is negligible during the remainder of diastole. He gave the 
naine diastasis to the latter period of “rest” or stasis to distinguish it from the former phase of 
“ventricular relaxation and refilling”. Furthermore he confirmed Mackenzie’s observation that 





Fic. 1.—Simultaneous tracings of the jugular and radial pulses, showing period of stasis from y to v. 


alterations in heart rate are effected almost entirely by the lengthening or shortening of the period 
of stasis. Gibson (1907) and Hirschfelder (1907) described jugular venous stasis waves and third 
heart sounds in healthy young persons, and the latter referred to the waves as “‘h’’ waves. 
Wiggers (1921) observed that left atrial pressure in the dog declines during the phase of rapid 
ventricular filling and may rise again before the next atrial contraction if the heart rate is slow 
enough. Like Mackenzie he considered such a rise in atrial pressure diagnostic of ventricular 
stasis. Braunwald et al. (1955) showed the phases of the cardiac cycle in man to be similar 
to those demonstrated by Wiggers in the experimental animal, and found that the rise in left 
atrial pressure that identifies ventricular stasis did not occur in patients with mitral stenosis, 
presumably because obstruction at the mitral orifice prevented rapid ventricular filling. In the 
same year Owen and Wood observed a gradual decline in left atrial pressure, and inferred slow ven- 
tricular filling in patients with mitral stenosis. In their cases of mitral regurgitation the left atrial 


pressure fell rapidly to ventricular level soon after the mitral valve opened. The subsequent rise 
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in left atrial pressure that indicates stasis may be seen in Figures 12 and 13 of Owen and Woo |’s 
paper. By percutaneous puncture Fox et al. (1956) obtained direct measurements of left ati al 
pressure in man and agreed with the conclusions of Owen and Wood. Morrow and his colleagi es 
(1957) recorded direct left atrial pressure tracings by the transbronchial route, and found ‘1¢ 
ascent characteristic of ventricular stasis occurred in six out of fourteen cases of mitral regurgitatic n; 
in seven the heart rate was too rapid for stasis to occur. These authors found no evidence of sta sis 
in the left atrial pressure records from 39 patients with mitral stenosis, although they considei 2d 
it might be expected to occur in mild cases if left atrial and ventricular pressures could equal ze 
rapidly. In 1958 Ross et al. reported evidence of ventricular stasis in the left atrial pressure tracir gs 
from 15 patients with pure mitral regurgitation; in a further eight patients the heart rate was thous ht 
to be too rapid for diastasis to exist. On the other hand, Neustadt and Shaffer (1959) rarely s: w 
evidence of ventricular stasis in the left atrial pressure tracings from patients with mitral regurgitatic n, 
and Hancock (1959) considered that the diastolic portion of the left atrial pressure pulse did not 
necessarily distinguish cases of predominant mitral stenosis from cases of predominant mit:al 
regurgitation. Unfortunately neither Neustadt and Shaffer nor Hancock stated whether their 
tracings were obtained at heart rates slow enough for diastasis to occur. 

From these observations it is clear that stasis causes a late diastolic rise in left atrial pressure and 
signals the achievement of left ventricular filling in the normal heart and in certain patients with 
mitral regurgitation. Tachycardia abolishes diastasis, and severe mitral stenosis prevents the 
achievement of ventricular filling. 

The diastolic rise in left atrial pressure that marks the period of ventricular stasis and extends 
from the nadir of the “y” descent to the inscription of the “a” or “c”’ wave does not appear to 
haveaname. For the sake of brevity it will be called the stasis wave in the remainder of this paper. 

The purpose of this communication is to examine the criteria by which left ventricular stasis 
may be recognized in clinical practice, and to consider the significance of the stasis wave in patients 
with mitral regurgitation. 


MATERIAL AND METHODS 


Twenty-four patients with atrial fibrillation and the pansystolic murmur of mitral regurgitation 
were selected for study on the grounds of their freedom from evidence of hypertensive, ischemic, 
or aortic valvular disease. Each was severely disabled by his mitral lesion. 

At valvotomy or open-heart operation the presence of regurgitation was confirmed, and the 
long diameter of the mitral valve measured by palpation. 

Pre-operative transeptal left heart catheterization (Ross, 1959) was performed in the manner 
described by Nixon (1960). Left atrial pressure was recorded simultaneously with the pulmonary 
and mitral phonocardiogram and the electrocardiogram. Care was taken to avoid filtering out 
the third heart sound and the onset of the mitral diastolic murmur (Fig. 2A). To avoid respiratory 
distortion of the intra-cardiac pressure pulse, all records were taken during an expiratory pause. 
Thirty to forty complexes obtained at a paper speed of 80 mm./second were examined in each case. 
The majority of left atrial pressure tracings were obtained through a Clay-Adams P.E. 50 catheter 
90 cm. in length, using a Statham P23 Db transducer with an N.E.P. carrier amplifier and recordirg 
camera. High or medium frequency phonocardiograms (Leatham, 1952) were recorded with 
N.E.P. apparatus. 

Two varieties of mitral diastolic murmur occurred—those with a quiet onset and those with a 
loud onset. A third heart sound was said to be present when vibrations twice the size of the latt :r 
variety of murmur occurred shortly after its beginning. 

A stasis wave was considered present in the left atrial pulse tracing when pressure rose from t'1e 
nadir of the “y” descent to the beginning of the “c”’ wave during an expiratory pause. Entry >f 
the catheter into the left ventricle in patients with mitral regurgitation has shown that the left atrial 
stasis wave is similar to the left ventricular late diastolic pressure curve (Fig. 2B). In order o 
determine the shortest period of diastole in which stasis could be demonstrated, measurement w :s 
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Fic. 2A.—Simultaneous brachial arterial and left atrial pressure pulses, with pulmonary and mitral phonocardio- 
grams and lead II electrocardiogram from a case of severe mitral regurgitation. The scale (mm. Hg, related 
to the sternal angle) for the brachial pulse is on the left; for the left atrial pulse on the right. 

PA=pulmonary area 
MF=medium frequency 
BA=brachial arterial pulse 
LA=left atrial pressure pulse 
SM=pansystolic murmur of mitral regurgitation 
DM=nmitral diastolic murmur with loud onset 
O=small opening snap vibrations 
3=third heart sound of rapid left ventricular filling 
V and C=left atrial “‘v”’ and “‘c”’ waves 
Y=left atrial “‘y’’ descent 
AW =annular ascent wing, Radner (1957) 
SW =stasis wave marking the period of diastasis. 


mm. Hg. WITHDRAWAL FROM LEFT VENTRICLE TO ATRIUM 


Fic. 2B.—Withdrawal tracing from left ventricle to left atrium in a case of severe mitral regurgitation. (Zero sternal 
angle.) The left ventricular systolic peaks are not shown. 


VDP=left ventricular late diastolic pressure 
SW =left atrial stasis wave 
V and C=left atrial “‘v’’ and “‘c”’ waves. 
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“e ” 


made of the shortest ““v” apex to “c” interval in which a stasis wave occurred. In tracings f.ce 
from stasis waves note was made of the longest “v” apex to “c” intervals present in the tracin :s. 

The average left atrial “‘v’’ peak pressure was measured in every case, and related to the ster: al 
angle. 


RESULTS 


Figure 2 shows examples of records obtained at left heart catheterization in cases of severe mit al 
regurgitation. The important findings are tabulated (see p. 167). 

It may be seen from the table that in the ten cases with mitral orifices measuring 1-7 cm. 9r 
less the mitral diastolic murmur began quietly, and neither a third heart sound nor a stasis wave 
occurred. In every one of the fourteen patients with mitral orifices measuring 1-8 cm. or mcre 
the mitral diastolic murmur began loudly and a third heart sound was recorded; in only one was 
there failure to demonstrate a stasis wave. The longest “v’’ apex to “c” interval observed in 
the first group ranged between 0-64 and 1-6 seconds. In thirteen ieee with larger orifices 
stasis waves occurred in ““v”’ apex to “‘c”’ intervals ranging from 0-2 to 1-5 seconds. The magii- 
tude of left atrial pressure at the apex of the ““v” wave appeared to bear no consistent relationship 
to the occurrence of a stasis wave (Fig. 3) or to the brevity of the shortest “v” to “c” interval in 
which stasis occurred (Fig. 4). 
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Fic. 3.—Left atrial “‘v” peak pressure plotted against mitral orifice long diameter in 24 patients with mitral regur; i- 
tation. A stasis wave was present in all but one of the cases in which the mitral orifice measured 1-8 cm. >r 
more; and in none of those with smaller orifices. There is no apparent relationship between ‘‘v’’ peak presst ‘e 
and either orifice size or the occurrence of a stasis wave. 
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Fic. 4.—Left atrial ‘‘v’’ peak pressure plotted against the shortest ‘‘v”’ peak to “‘c” interval that contained a stasis 
wave. There is no apparent relationship between the height of the ‘“‘v”’ wave and the length of the interval. 


DISCUSSION 


Patients with the pansystolic murmur of mitral regurgitation who are severely disabled by their 
mitral valve disease may be suffering chiefly from obstruction or from regurgitation. Since it is 
probably the size of the mitral orifice that determines which physiological derangement is the 
more severe, its pre-operative assessment may be of greater value than attempts to measure regurgi- 
tant flow. It is difficult to define the concepts of “predominant stenosis” and “predominant 
regurgitation” without first relating them to orifice size. 

A loudly beginning diastolic murmur and a frequently occurring third heart sound identify a 
mitral orifice measuring 2-0 cm. or more in patients disabled from mitral valve disease (Nixon and 
Wooler, 1960). The present studies suggest that ventricular stasis has similar diagnostic signifi- 
cance. This is not surprising if McKusick (1958) is correct in his view that rapid ventricular filling 
and an alteration in the volume-elasticity characteristics of the left ventricle are involved in the 
production of the third heart sound of mitral regurgitation. The stasis wave both signals the 
completion of a phase of rapid ventricular filling and gives a measurement of the extent to which 
the left ventricular end-diastolic pressure is raised. Ross et al. (1958) have drawn attention to the 
great elevation of left ventricular end-diastolic pressure that can occur in mitral regurgitation 
and their experience has been confirmed in the present series of patients (Fig. 2B). 

The stasis wave has been defined as a rise in left atrial pressure from the nadir of the “y” descent 
to the beginning of the “a” or “c” wave. There is one situation in which it may falsely appear 
to be present, and one in which it does not mark ventricular stasis. If the left atrial pressure pulse 
is recorded while breathing continues the respiratory increase in intra-thoracic pressure may give 
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Fic. 5.—Simultaneous left atrial and brachial arterial pressure pulses with pulmonary and mitral phonocardiograms 
and lead II electrocardiogram from a case of severe mitral stenosis. The scale (mm. Hg, related to the sternal 
angle) for the brachial pulse is on the left; for the left atrial pulse on the right. 

The tracing taken in an expiratory pause shows that the “‘y”’ descent declines gradually in late diastole. 
Respiratory distortion of the base line during normal breathing has given the “‘y”’ descent the false appearance 
of a stasis wave in late diastole. 

PA=pulmonary area - r 
MA=nmitral area 
HF=high frequency 
MF=medium frequency 
BA=brachial arterial pressure pulse 
LA=left atrial pressure pulse 
C, V and Y=left atrial “‘c’’ and “‘v”’ waves, and the “‘y”’ descent. 
AW -=annular ascent wing. Radner (1957). 
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Fic. 6.—Withdrawal tracing from left ventricle to atrium from a case of myxoma of the left atrium. 
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TABLE 
Patient | Stasis | Mitral Left atrial | Shortest “‘v’” | Longest ‘“‘v” Third heart Mitral diastolic 
wave | orifice long pressure apex to “‘c” apex to “c” sound of | murmur 
diameter atv" interval in interval rapid left | 
| cm. mm. Hg which a present in ventricular | ‘ 
stasis wave patients filling Quiet | Loud 
| | occurred without stasis onset | onset 
| (sec.) | waves (sec.) 
1 | oO 0-5 =] o | 0-72 0 + 0 
> i «@ 1-0 31 — 0-74 0 + 0 
3 0 1-0 29 — 0-7 0 + 0 
4 0 1-0 22 — 0-98 0 a 0 
5 0 1-0 14 | — 1-6 0 + 0 
i ae 1:2 42 | — 0-54 0 a 0 
_ TE ee ime 1-5 8 | — | 0-64 0 = 0 
8 | o | 5 | 42 ae | 1-1 0 + 0 
s | ®@ 1-5 44 — | 0-7 0 + 0 
-. 4 ae 1-7 31 — 0-74 0 + 0 
11 | + 1:8 | 24 0-2 | — + 0 + 
12 | + 2-0 | 24 | 0:8 ao + 0 + 
Ss | + 2:2 25 | 1-5 — + 0 + 
14 + | 2:3 15 0-64 aaa + 0 + 
15 + 2°5 37 | 0-86 — + 0 + 
16 + 2°5 19 0-68 _— + 0 + 
17 + 2°5 | 32 | 0-26 — + 0 + 
18 + 3-5 65 0-33 aaa + 0 + 
19 + 3-5 48 | 0-8 — ~ 0 - 
20 0 3-5 34 — 0-33 + 0 + 
21 + | 4-0 | 32 0-84 a + 0 a 
22 + 4-5 | 31 0-62 a + 0 + 
23 + 5-0 35 | 0-28 ~- + 0 + 
ae * | 53 | 13 | 0-34 oe + 0 + 
| | 











an upward swing to a gradually declining ““y” descent (Fig. 5). When a left atrial tumour is 
present the normal mitral valve may become obstructed early in diastole and a rise in atrial pressure 
results from atrial stasis. This condition can be distinguished from ventricular stasis when the 
stasis wave is shown to lie at a higher level than the left ventricular diastolic pressure (Fig. 6). 

In examining left atrial pressure tracings that do not show stasis waves it may be difficult to 
decide whether their absence is attributable to tachycardia or to a small mitral orifice. In the 
present series of patients with orifices measuring 1-7 cm. or less no stasis wave occurred during 
maximum “‘v” peak to “c” intervals of 0-64 to 1-6 seconds. In seven out of thirteen patients with 
larger orifices stasis waves were found in intervals of 0-64 seconds or less. Nevertheless in one 
patient with an orifice of 2-2 cm. an interval of as long as 1-5 seconds was required for a stasis 
wave to be recorded. One patient with an orifice of 3-5 cm. failed to show a stasis wave. Tachy- 
cardia was present, and the longest “v”’ apex to “c” interval recorded was 0-33 seconds. It is 
probable that stasis waves would have been seen at a slower heart rate because third heart sounds 
occurred in this patient. 

It is a valid criticism that the patients with a small orifice might have shown stasis waves if longer 
“v” apex to “c” intervals had occurred during their investigation, but this does not alter the fact 
that when 30-40 complexes obtained under similar conditions were examined, stasis waves appeared 
in 13 out of 14 patients with larger orifices and third heart sounds, and failed to appear in the 10 
patients with smaller orifices and mitral diastolic murmurs that began quietly. 

A major indication for left heart catheterization in mitral regurgitation will be removed if fur- 
ther experience supports the view that phonocardiography can separate patients with small orifices 
and predominant obstruction from those with larger orifices, rapid ventricular filling, and pre- 
dominant regurgitation. Nevertheless the height of the stasis wave may prove to be a useful 
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guide to the severity of left heart disorder in mitral regurgitation, particularly when the resu ts 
of surgical treatment are assessed. 


SUMMARY 


Left ventricular stasis marks the completion of a phase of rapid ventricular filling and is recc z- 
nized by a rise in left atrial pressure from the nadir of the “y” descent to the inscription of the “.” 
or “a” wave. It is suggested that this rise in pressure be named the left atrial stasis wave. Ir a 
series of patients with mitral regurgitation a close association was found between the occurren °e 
of a stasis wave and the presence of a third heart sound. Stasis waves were found in the left atr al 
pressure pulse tracings from 13 out of 14 patients with third heart sounds. In each case the mitral 
orifice long diameter measured 1-8 cm. or more. Neither stasis waves nor third heart soun./s 
were present in the patients with smaller orifices. 

The diagnosis of the stasis wave in clinical practice is discussed. 


The authors are grateful to Mr. R. Addyman and Staff-Nurse E. M. Kirkbride for zealous technical assistance; 
and to Mr. J. A. Aylwin for the opportunity to investigate his successfully treated case of left atrial myxoma. 

The work has been made possible by generous grants from the Nuffield Foundation, the Endowment Fund of tne 
General Infirmary at Leeds and private benefactors. 
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OBSERVER ERROR IN RECORDING ARTERIAL BLOOD PRESSURE 
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The recording of blood pressure with a mercury manometer is subject to variation from two main 
so irces, the individual observer error and change due to time sequence when repeated observations 
ar : recorded in a particular subject. The object of this paper is to study the observer error as between 
two observers in the estimation of blood pressure. 

This analysis is based on data derived from the records of 510 men and women aged 60 to 89 
ye irs who were examined consecutively at the Rutherglen Consultative Health Centre for older 
pe »ple (Anderson and Cowan, 1955). 

The blood pressures were estimated to the nearest even number using a mercury manometer 
with standard cuff with the subjects resting on an examination couch. The two readings noted 
were systolic blood pressure as the highest level at which successive sounds were heard, and diastolic 
blood pressure as the point where the loud clear sounds change abruptly to the dull and muffled 
sounds (Standardization of Methods of Measuring the Arterial Blood Pressure, 1939). 

In each instance the blood pressure was recorded by two observers A and C. One of the obser- 
vers recorded the blood pressure approximately one minute after the other with the manometer 
cuff remaining in situ but completely deflated between readings; with each consecutive subject 
the observers took it in turn to be first. This procedure resulted in the 510 subjects forming a sub- 
group of 255 where A read first and C second, and a comparable group of 255 where C read first 
and A second. In the subsequent script these two groups will be identified as AlC2 and C1A2 
respectively. 

The difference between the first and second readings was stated to be positive or negative depend- 
ing on whether the second reading was greater or less than the first, for example, if the first blood 
pressure recording (Al or C1) is 170 mm. and the second reading (A2 or C2) is 180 mm. the observer 
difference is +10 mm. 

RESULTS 


Table I shows the means with their standard errors and the standard deviations of the frequency 
distributions of the observer differences A1C2, C1A2, and both combined. Comparing the findings 
of systolic and diastolic blood pressure, these averages, which are all negative in sign, are all of 











TABLE I 
MEANS AND STANDARD DEVIATIONS OF THE OBSERVER DIFFERENCES FOR SYSTOLIC AND DIASTOLIC BLOOD PRESSURE 
Blood pressure | Group | Mean+5S.E. | Standard deviation 
A1C2 | —1-:7+0°51 8-2 
Systolic mm. Hg C1A2 | —4-3+0-63 10-1 
A1C2+C1A2 —3-0+0-41 9-3 
Deiem Mie  s - e AIC2 | —0:240-31 | 4-9 
C1A2 —1-0+0-37 5-9 
A1C2+C1A2 —0:5+0:24 5:3 
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greater magnitude for systolic blood pressure. The absolute variability of the observer differences 
(measured by the standard deviations) is smaller for diastolic blood pressure. 

The summation of the observer difference means (A1C2 and C1A2) eliminates the observer ert >r 
effect as between observers A and C and the extent to which the means of the combined distributio 1s 
deviate from zero are indices of the influence of the time sequence on the observer difference in 
recording blood pressure. These means for the combined distributions of systolic and diasto ic 
readings are —3-0 mm. and —0-5 mm. respectively. 

The averages of the observer differences C1 A2 for systolic and diastolic blood pressures are all of 
greater negative value than the corresponding averages for the observer differences AlC2 (Table ). 

The subtraction of the average of the observer differences Al1C2 from those of C1A2, which is 
an index of the observer error effect as between observers A and C with the time sequence influen :e 
removed, is significant at three times the standard error of the difference between the comparat le 
means (2-6 mm.+0-81) for systolic, but is not significant for diastolic blood pressure (0-8 mm.+0-4 ). 

A study of the systolic observer difference distributions in Table II shows that when the observ =r 


TABLE II 
FREQUENCY DISTRIBUTIONS OF OBSERVER DIFFERENCES IN SYSTOLIC AND DIASTOLIC BLOOD PRESSURE 



































Otserver Systolic Diastolic 
difference —— — 
mm. Hg A1C2 C1A2 A1C2+C1A2 AIC2 | CIA2 | AIC2+C1A2 
+36 aw 1 1 | 2 
+28 1 iia 1 | 
+24 | — 1 | 
+22 tie I 1 | | 
+20 as 1 1 | 7 
+18 1 as 1 | | 
+16 3 2 5 — a 2 
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differences that are nil are excluded 36 per cent of A1C2, 31 per cent of C1A2, and 33 per cent of 
the combined distributions observations are positive in sign. The corresponding precentages of 
observations with positive sign for diastolic blood pressure are 54, 43, and 48. A further indication 
of the observer error effect as between observers A and C is the fact that the frequency distributions 
of the observer differences A1C2 and C1A2 for the two criteria of blood pressure present chi squares 
w: h probabilities less than 0-01 (Table III) and thus differ significantly. 


TABLE III 


THE SIGNIFICANCE OF THE DIFFERENCE BETWEEN THE FREQUENCY DISTRIBUTIONS FOR SYSTOLIC AND 
DIASTOLIC BLOOD PRESSURE 








A1C2 and C1A2 frequency distributions x2 df Pp 
compared for— 
Systolic blood pressure na 7 a 37°8 11 <0-01 
Diastolic blood pressure... ae a 39-7 | 8 | <0-01 





The correlation coefficients of the second recordings of systolic and diastolic blood pressure 
w ‘th respect to their observer differences are 0-117+0-04 and 0-211+0-04 respectively. With 
in :rease in blood pressure, there is an approximation of the negative difference means to zero, and in 
th: uppermost part of the blood pressure ranges the averages are positive in sign (Table IV). The 


TABLE IV 
OBSERVER DIFFERENCE RELATED TO THE SECOND READINGS OF THE BLOOD PRESSURE 





Systolic blood pressure 





| 100 mm. | 120mm. | 140 mm. | 160 mm. | 180mm. | 200 mm. | 220 mm. | 240 mm. 





Number ofcass | 6 | 6 | 123 126 3 | «0 | 33 25 
Observer difference | 


means. mm.Hg | —60 | —45 | —2-7 —31 | —44 —3-8 +10 41-7 





Diastolic blood pressure 








| Under | 





72mm, | 72mm. | 80mm. | 88 mm. | 96mm. | 104mm. | 112 mm. | 120 mm. | oo. 
Number ofcases | 24 78 «| so oe oe ee eee 29 | a 7 
Observer differ- 
ence means } 
mm. Hg -11 | -28 | -04 | -07 | -00 | +10 | +09 | +18 | +26 


| 





regressions of the difference means in relation to the blood pressure ranges are linear for systolic 
and diastolic blood pressure (the variance ratios are 1-8 and 0-5 respectively). The 0-5 per cent 
level of significance of the variance ratio is 2-09. 


DISCUSSION 


The negative observer difference averages indicate that when the blood pressures of a series of 
subjects are recorded by one observer reading shortly after another observer there is a fall in average 
blood pressure. The fall has two components, namely, an observer error and changes due to time 
sequence between recordings. Furthermore, (1) the observer error is significant for systolic but 
not for diastolic blood pressure, (2) the means of the observer differences AlC2 and C1A2 and both 
combined are least for diastolic blood pressure. Thus the criterion of blood pressure that can be 
recorded by two observers with the greatest accuracy is diastolic blood pressure. In general, the 
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decline in blood pressure occurring when a second reading is taken shortly after the first is sma |. 
The change on average is —3-0 mm. for the systolic, and —0-5 mm. for the diastolic blood pressur >. 
In the upper part of the blood pressure range, there is an increased chance of the second obser\ 
reading higher than the first observer. A second reading immediately after the first and by a differe 
observer is not thought adequate evidence for discussing how much the blood pressure chang 
with repeated readings. Nevertheless this occurrence may parallel the findings of McWillia : 
and Kesson (1913) who, in a study of systolic blood pressure with reference to the influence of t 
arterial wall, observed on occasion people in whom a repetition of blood pressure recording produc 
an increase in blood pressure. They suggested that this positive response was due to a defecti 
functioning of the normal mechanism that compensates for alteration in peripheral resistance. 


eP ne 


Oo oOo 


SUMMARY 


The observer error in the recording of blood pressure by two observers has been assessed wi-h 
reference to 510 men and women aged 60 to 89 years. 

In this series, the average fall of the blood pressure criteria that occurs when the second observer 
records the blood pressure shortly after the first observer is very small, 3-0 mm. for the systolic 
and 0-5 mm. for the diastolic blood pressure. The observer error is significant (2-6 mm.+0-8/) 
for the systolic but is not significant (0-8 mm.+0-45) for the diastolic blood pressure. In addition, 
the frequency distributions of the recordings of the two observers differ significantly for systolic 
and diastolic blood pressure. 


We wish to thank Dr. P. L. McKinlay for helpful guidance and the Secretary of State for Scotland for a personal 
grant made on the advice of the Advisory Committee on Medical Research. 
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A continuous murmur resembling that of persistent ductus arteriosus is not rare in cyanotic 
cor genital heart disease, and patients with such a murmur present a striking and interesting clinical 
pic ure. The simple explanation that it is due to a persistent ductus is sometimes correct, but more 


oft:n it is due to the blood flow through enlarged bronchial arteries. We are reporting 45 examples 
of such patients with an undoubted continuous murmur—27 seen among our first 670 patients with 


cyanotic congenital heart disease (4°%%) and 18 seen subsequently. Generally the murmur was 
easily heard and widely conducted, and in all but four it was one of the striking physical signs. 

The group was certainly heterogeneous, but it seems worth giving a short clinical picture of the 
patients as a whole before attempting to divide them into groups. All were cyanotic by definition 
and nearly all had-signs of right ventricular hypertrophy ares Bright ventricular pressure at about 
systemic level. Generally, the degree of cyanosis was not severe. In four patients if was very 
slight and three of these were originally sent up for ligation of a persistent ductus. In nearly half the 
others, it was only Grade 2, in one quarter it was Grade 3, and in a quarter it was severe (Grade 4). 
On the average, it was less severe than in Fallot’s tetralogy (see Table III), and this was reflected in 
the number with only slight clubbing of the fingers and a relatively small increase in the hemo- 
globin percentage, which was generally between 90 and 140 per cent (100° =15-6 g.). 

Their disability, though varying widely and severe enough, was less than in most patients with 
morbus coeruleus, for most of them were in Grade 2 or 3, while with Fallot’s tetralogy most are in 
Grade 3 or 4 (Table III). Squatting was found much less commonly than with Fallot’s tetralogy. 
In spite of these findings many had very large hearts. In most there was a deep, sharply-defined 
pulmonary bay with a large “aortic” shadow, producing an exaggeration of the sabot-shaped 
heart (Fig. 1 and 6), though in others the heart was smaller with the appearance generally accepted 
as common in pulmonary atresia. Angiocardiography was of the greatest value in demonstrating 
the pathways of the blood flow to the lungs. In many of the groups with large hearts, there was 
little trace of any element of the pulmonary arterial system and the blood was carried by bronchial 
arteries (Fig. 2 and 7). In spite of this, the blood flow to the lungs was increased in several patients 
and we want to emphasize this group because it has not been widely recognized. There was a high 
incidence of a right-sided aortic arch. 

Most of our patients have a solitary arterial trunk with the blood flow to the lungs through a 
persistent ductus, through hypertrophied bronchial arteries, or through other anomalous collateral 
arteries, but a few have Fallot’s tetralogy. We propose to discuss first the anatomical criteria for 
distinguishing persistent truncus arteriosus (P.T.A.) and pulmonary atresia for this explains how we 
are classifying our patients. These two conditions have often been confused although Vierordt 
made the distinction between them as long ago as 1898. 
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Fic. 1.—Teleradiograms of two patients showing large sabot-shaped hearts with a deep sharply-defined pulmonary 
bay and an increased blood flow to the lungs through bronchial arteries. (A) A boy, aged 7 in 1948: heart, 
c.t.r. 57 per cent; a very large solitary trunk with a left-sided aortic arch. Neither his clinical condition 
nor the size of his heart had changed much, 12 years later. Case 2. (B) A girl, aged 3 in 1949: heart, 
c.t.r. 59 per cent; a large solitary trunk with a right-sided aortic arch. She is not as well and is rather 
more disabled and more cyanotic in 1960: her heart is the same shape but smaller (c.t.r. 51%). Case 10. 


Fic. 2.—Angiocardiograms from the two patients whose hearts are shown in Fig. 1. (A) Left anterior obliqu iter: 
position after injection of opaque medium into the right ventricle. There is no trace of a pulmonar 


trunk, but bronchial arteries are well seen in the aortic window, arising just below the arch and lower fror with 
the descending aorta. Case 2,in 1960. (B) Showing absence of the pulmonary trunk and the characteristi ° three 


nodular appearance of a bronchial artery blood supply to the lungs, possibly terminating in very sma most 


pulmonary arteries. Case 10, in 1951 
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CONTINUOUS MURMURS 


PERSISTENT TRUNCUS ARTERIOSUS (P.T.A) AND PULMONARY ATRESIA (SINGLE ARTERIAL 
TRUNK) 


For our understanding of the pathological anatomy we are indebted to the valuable papers of 
Humphreys (1938) and of Collett and Edwards (1949). The latter authors concluded that there 


are only two criteria essential for the diagnosis of P.T.A.: (1) there must be only the one common 
trunk leaving the base of the heart and no remnant of an atretic pulmonary trunk or aorta, and 


fai) 




















Q) this trunk must supply arteries to the coronary, systemic, and pulmonary systems. We agree 














wii 1 these criteria, but the second applies equally to the single trunk of pulmonary atresia. In 
pre stically every case of P.T.A. there is a defect of the ventricular septum, large enough in about 
on -fifth of the cases to produce a single ventricle: a defect is usual but less constant with pulmonary 
atr sia. Though we have not accepted some of the smaller points in Humphreys’ paper, the classi- 
fic: tion which we have used is based on her work. 

When a solitary trunk has been demonstrated, the patient must belong to one or other of the 
grc ups I or III described below, but it may be impossible to decide which without anatomical proof 
fro n necropsy or operation: for such patients we have inserted Group II. 


a 


Group I. Persistent truncus arteriosus (Common arterial trunk). With complete absence of at 
lea. t the first part of the pulmonary trunk, a very wide common trunk, sometimes with four semilu- 
nal cusps. 

‘A) With right and left pulmonary arteries arising direct from the truncus (Fig. 3, Ia). 

(B) With bronchial arteries arising from the truncus and providing the only blood supply to 
the lungs (Fig. 3, Ib), generally without any derivatives of the sixth arch. 

(C) Partial P.T.A, generally without but sometimes with a persistent ductus arteriosus, as shown 
in Fig. 3, le. 

Group II. Solitary arterial trunk. This group, essential in clinical practice though not a true 
anatomical one, has been subdivided according to the size of the blood flow to the lungs through 
the bronchial arteries. 

(A) Those with an increased flow to the lungs. 

(B) Those with a diminished flow to the lungs. 

Group III. Single arterial trunk. Nearly always this is an aorta with pulmonary atresia, but 
rarely it may be a pulmonary trunk with an atretic aorta—a distinction that can be made only at 
necropsy. 

(A) With a blood supply to the lungs through a persistent ductus to the right or left pulmonary 
artery (Fig. 3, IIIa). 

(B) With a blood supply to the lungs through bronchial or other anomalous collateral arteries 
(Fig, 3, IIIb): these may often anastomose with small right and left pulmonary arteries. 

Our Group IA is divided by Collett and Edwards (1949) into their types 2 and 3 (23 and 9 of their 
cases respectively), distinguished only by the lesser or greater degree of separation in position of the 
origin of the two pulmonary arteries. Our IB with bronchial arteries is their type 4 (10 cases). 
Our IC is their type 1 (their commonest form with 38 cases): though this is sometimes called “ partial’’, 
the failure of development is just as complete at the ring, but in the lower part of the truncus a 
short pulmonary trunk is interposed between the truncus below and the two pulmonary arteries 
above. The blood supply to the lungs was generally through pulmonary arteries, but was through 
bronchial arteries in 10 and through a persistent ductus in 12 of their 80 cases. 

It has been said that truncus arteriosus may be diagnosed only when there are four semilunar 
cusps to the common trunk: this we do not accept. Humphreys (1932) stated that “the surest 
landmark of the common trunk is the possession of four semilunar cusps, with two coronary 
arteries rising from the sinuses of opposite cusps,” but agreed that “there may be numerous examples 
With but three cusps.” In fact, Collett and Edwards found there were only two cusps in 1 case, 
three cusps in 49, four cusps in 9, and six cusps in 1 of their 60 cases. The four cusps were found 
most often in their type 1. In any case, this point is of no use for clinical diagnosis. 
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PERSISTENT TRUNCUS ARTERIOSUS 
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Fic. 3.—Diagrams of types of persistent truncus arteriosus (P.T.A.) (common arterial trunk) and of pulmonary 
atresia (single arterial trunk). We have drawn the four cusps in the diagrams of P.T.A. but do not accept these 
as an essential criterion for the diagnosis (see text). I. Persistent truncus arteriosus: (a) complete P.T.A., with 
two pulmonary arteries arising direct from the truncus; (b) complete P.T.A., with bronchial arteries arising from 
the truncus and no sixth arch derivatives: some cases are intermediate between these two varieties, having one pul- 
monary artery only and one or more bronchial arteries; and (c) partial P.T.A., generally without but occasionally 
with a persistent ductus arteriosus: this form can be distinguished from aortico-pulmonary septal defect only by 
the presence of a single arterial valve ring and of a ventricular septal defect. III. Pulmonary atresia with a single 
arterial trunk: (a) with a persistent ductus supplying the two pulmonary arteries; and (b) with bronchial or other 
collateral arteries arising from the aortic arch and generally with no easily recognizable derivatives of the sixth 
arch, though often these may be present beyond the atretic pulmonary trunk. 


The Blood Flow to the Lungs. The diagnosis of truncus arteriosus may be easy if the pulmonary 
arteries are seen to arise from the truncus near their normal position, but more often the distinct on 
from a single arterial trunk with pulmonary atresia is difficult and may be impossible in clinical 
practice, for they are functionally identical. Even at necropsy, it may sometimes take hours to 
find the atretic remnants of the pulmonary trunk. Humphreys (1932) thought that the way in 
which the artery entered the hilum of the lung was important in the differential diagnosis >ut 
derivatives of the sixth arch may be present in a partial or fairly complete form with persistent trun 2us 
and may be difficult or impossible to find except at necropsy in some cases of pulmonary atre iia. 
When, however, as is often the case, only the first part of the pulmonary trunk is atretic, an; io- 
cardiography may reveal the small pulmonary arteries in continuity where they separate from the 
upper part of the pulmonary trunk. Such pulmonary arteries must, of course, be supplied \ ith 
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blood by anastomoses with arteries arising from the aorta, sometimes a persistent ductus but more 
often bronchial arteries. The general radiological features by which bronchial arteries can be 
recognized have been discussed by Campbell and Gardner (1950). 

Ten years ago, we thought that an extremely wide trunk was evidence for a persistent truncus, 
altt ough we realized that it was generally wide in pulmonary atresia. We do not now accept this 
dist nction. The size of the aorta (like that of the individual chambers of the heart) depends mainly 
on he volume of the flow through it, and the hemodynamic conditions are identical in truncus and 
in; umonary atresia, for in both the systemic and the pulmonary flows must pass through the single 
truik. As the systemic flow appears to be kept as near normal as possible in most forms of con- 
gen tal heart disease (Brotmacher and Deuchar, 1956), the flow through a single trunk depends 
ma: ily on the size of the pulmonary flow, which varies much more widely. The important elements 
tha we have tried to assess in each case are the size of this flow, which depends on the degree of 
dev lopment of the available arteries to the lungs, and the presence of some part of the pulmonary 
arte ‘ies, which are often very underdeveloped beyond the atresia but in their normal position. 


CLASSIFICATION OF OUR PATIENTS 


)f our 45 patients, 35 had an absent or atretic pulmonary trunk with the blood supply to the 
lun,s through a persistent ductus, through hypertrophied bronchial arteries, or through other 
coll :teral arteries. Only 1 was proved to have persistent truncus arteriosus (Group I), 16 had a 
soli ary trunk where the evidence was insufficient to decide between the single trunk of pulmonary 
atresia or the common trunk of P.T.A. (Group II), and 18 had pulmonary atresia with a single 
aor'ic trunk (Group III). Of the remaining 10 patients, 5 had Fallot’s tetralogy or a related lesion 
(Group IV) and 5 had varied and complex lesions that were difficult to classify (Group V). In 
1950 when Gardner reported the 15 of these cases that had then been fully investigated to the First 
World Congress of Cardiology, a higher proportion (3 of the 15) were diagnosed as P.T.A. but we 
have given reasons for being less sure of this. 


GrouP I. PERSISTENT TRUNCUS ARTERIOSUS 


IA. With Pulmonary Arteries Arising directly from the Truncus 


We have seen three patients with this condition but they are not included for none had a con- 
tinuous murmur. The diagnosis was made at operation in one and was confirmed at necropsy in 
the other two. Of these last two, a girl, aged 9 when she died after thoracotomy, had a single 
atrium, a single ventricle, and isolated dextrocardia. She had severe cyanosis and, as might be 
expected, the pulmonary arteries, which arose directly from the truncus, were small—only 5 mm. 
in diameter. The other, a girl aged 4 when she died, had had recurrent congestive heart failure 
for three years, and an exploratory thoracotomy, at which the diagnosis was made. Her persistent 
truncus, 3 cm. in external diameter, arose in the mid-line above a ventricular septal defect, and two 
large pulmonary arteries arose from the truncus, 1 cm. above the valve. 


IB. With Bronchial Arteries Providing the only Blood Supply to the Lungs 


Case 1. A boy, aged 3, had moderate disability and slight cyanosis from the age of two months, and had 
talipes also. There was no history of squatting. He had a continuous murmur, equally well heard on both 
sides under the clavicles and posteriorly, and a soft systolic ejection murmur as well. The heart was large 
(c.t.r.58°%) and sabot-shaped with a deep pulmonary bay (Fig. 4A), and showed right ventricular hypertrophy. 
The aortic arch was right-sided and the lung fields were oligemic. He died after angiocardiography. 

At necropsy, there was a common trunk, with three semilunar cusps, arising entirely from the right ven- 
tricle though there was a large high ventricular septal defect. No evidence of an atretic pulmonary trunk 
could be found. The blood supply to the lungs was through three large bronchial arteries—one arising 
near the usual site of the ductus and supplying the right upper lobe, and the other two arising from the 
anterior aspect of the descending aorta and supplying the right lower lobe and all the left lung respectively. 
These are shown well in the angiocardiogram (Fig. 4B): although large, they were not as large as normal pul- 
monary arteries. The foramen ovale was unsealed, but there was no other cardiac malformation. 


N 
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Fic. 4.—From a boy, aged 3, with persistent truncus arteriosus, proved by necropsy. (A) Teleradiogram, showing 
an extreme sabot-shaped heart with a sharply-angled pulmonary bay and a right-sided aortic arch. (B) Angio- 
cardiogram in the left anterior oblique position, showing the large common trunk filling from the right 
ventricle, and bronchial arteries in the aortic window. The upper group of shadows is a bronchial artery that 
rose below the arch and supplied the right upper lobe. The lower group consists of two bronchial arteries 
that rose close together from the descending aorta, one supplying the right lower lobe and the other all the 
left lung. Case 1. 


Group II. SOLITARY ARTERIAL TRUNK (16 Cases) 


We have divided this group into (A) those where the pulmonary blood flow was increased 
(9 cases) and (B) those where it was diminished (7 cases), because this difference is so important. 
The disability and cyanosis were inversely related to the size of the blood flow so these will be 
discussed separately, but several features were shared by both sub-groups and some of these by 
the patients with pulmonary atresia, so these features will be discussed first. 

In none of the 34 patients with a solitary trunk or with pulmonary atresia was there any evidence 
of a direct communication between a ventricle and a pulmonary trunk, even if the upper part of this 
was present, and in 29 of them this was confirmed by angiocardiography. In none of the 23 who 
had catheterization was it possible to enter the pulmonary trunk. The right ventricular pressure 
was about the same level as the systemic pressure and there was evidence of right ventricular 
preponderance on radioscopy and cardiographically. 

The electrocardiograms are hardly mentioned because nearly all of them showed right axis 
deviation and right venticular preponderance, resembling those seen in Fallot’s tetralogy. The P 
wave in lead II was sometimes rather large and pointed, but neither this, nor deep T inversion in 
the right chest leads, was seen as often or as strikingly as inthe more severe cases of simple pul- 
monary stenosis. The blood pressure was not remarkable and was with one exception (Case 8) 
in the low normal range found in most children and young adults. 

In the 16 who had a solitary trunk, the second sound was always single and often loud in the 
pulmonary area. The continuous murmur was generally conducted widely to both sides and to 
the back, and was often heard best on the right side ( see p. 187): a thrill was nearly always felt in 
systole and was felt in diastole also in 8 of the 14 cases where we have adequate notes. 

In none of these 16, was there any evidence of a persistent ductus. The blood flow to ‘he 
lungs was thought to be through bronchial or other anomalous arteries in all 16 cases. Gener: lly 
this diagnosis was made on the shadows seen on angiocardiography or radioscopy, especially in 
the aortic window (Fig. 2A and 7B) or on the irregular nodular shadows spreading out from he 
hila of the lungs (Fig. 2B and 5A). It is difficult to say much about the anatomical arrangeme its 
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“1G. 5.—Teleradiograms from two patients with a solitary trunk and an increased blood supply to the lungs 
through bronchial arteries. Group IIA. (A) From a boy, aged 7, showing a large heart (c.t.r., 55°%), a 
sharply-defined but not very deep pulmonary bay, and nodular hilar markings. He has got on well for 12 
years. Case 5. (B) Froma girl, aged 12. At first sight there appears to be a large left pulmonary artery 
but the upper part (marked by an arrow) is sloping upwards and not horizontally like a normal pulmonary 
artery: angiocardiography confirmed that it was a bronchial artery. Twelve years later, her main disability 
is caused by obesity. Case 6. 


of bronchial arteries except in cases that have come to necropsy, and we have already described and 
illustrated several examples of these in pulmonary atresia (Allanby et a/., 1950). A large artery 
of unusual shape was seen in three patients (Cases 5 (Fig. 7A), 7, and 13) and we think these were 
bronchial arteries, and have no doubt that they were in the others: the aortic windowseemed almost 
filled by large bronchial arteries in Case 9 with the largest pulmonary flow. Perhaps the commonest 
finding is three larger bronchial arteries with numerous smaller anastomoses from various sites. 
Few showed any trace of what might have been pulmonary arteries or at the most only a thin vessel 
going into the hilum of the lung that might have been the termination of a bronchial artery or one of 
these anastomosing with the remnants of a pulmonary artery. 

The heart was moderately or greatly enlarged in every patient but one (Case 13, proved by 
necropsy, c.t.r. 47%), the average cardiothoracic ratio (c.t.r.) being 58-4 per cent. Characteristi- 
cally, it showed an exaggeration of the sabot shape with a deep pulmonary bay (Fig. 1 and 6), 
generally with an unusually sharply-defined edge (Fig. 1 and 5A) due to the absence of any pul- 
monary artery continuous with the outline of the heart and solitary trunk. In a quarter of them the 
pulmonary bay had a sharp angle as well as being deep. In Case 6 the heart shadows seemed to 
have a more ordinary shape because a large bronchial artery filled part of the pulmonary bay but 
sloped upwards towards the trunk instead of horizontally like a pulmonary artery (Fig. 5B). 

The solitary trunk was large in all but 3, and specially large in 6 of the 16. Sometimes this 
modified the characteristic sitting-duck shape (Fig. 1 and 6) and made it rather similar to the large 
heart and dilated aorta seen with syphilitic aortic regurgitation. 


IIA. With an Increased Blood Flow to the Lungs 


The 9 patients in this group are in many ways the most interesting, for the possibility of an in- 
creased blood flow to the lungs through bronchial arteries has not, we think, been recognized. 
Patients with truncus arteriosus who have done so well for so long or with pulmonary atresia and 
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Fic. 6.—Teleradiograms from a patient with a solitary trunk, a large heart, and an increased blood flow to the 
lungs through bronchial arteries. Case 9. (A) In 1949, when he was 7 and had little disability; c.t.r., 
66 percent. The increased blood flow does not show well in the print and the film has been lost. (B) In 
1959, when he was making a good recovery from congestive heart failure, c.t.r., 82 per cent. 


Fic. 7.—Angiocardiograms from two patients with a solitary trunk and an increased blood supply to the lungs 
through bronchial arteries. Group IIA. (A) From a boy, aged 7, showing several bronchial arteries, 
the one on the right being specially large and curiously shaped. See also Fig.5A. Case5. (B) Froma 
girl, aged 6, showing several bronchial arteries filling much of the aortic window and passing downwards 
and especially to the left. She has got on well for 12 years. Case 3. 
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an increased pulmonary blood flow have not often been reported; yet these 9 must belong to one 
or other of these groups though we do not know which. 

Our patients, about whom some clinical details are given in Table I, were moderately disabled, 
qu te enough to make them wish for surgical treatment if this were available, but less than most 
cy: notic children. Most of them could walk 4 a mile or more: two (Cases 4 and 9) could do much 
mcre than this but Case 10 was more disabled. 


TABLE I 


CLINICAL DATA FOR PATIENTS WITH A SOLITARY TRUNK AND AN INCREASED (ABOVE) OR DIMINISHED 
(BELOW) PULMONARY BLOOD FLOW THROUGH BRONCHIAL ARTERIES 





| Disability | Cyanosis | Clubbing Hb. Squatting | Heart size 


C: se No. Sex and age | 
| percentage 





| 
M 7—19 2 2— 
F 6—18 | 2— 
F24—29 | 2 
M 7—18 = 
F12—24 2+ 
F13 1 
FI7-30 | | 2— 
M 6—17 | 1 
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F 2—14 2— 





M7—16* | 
F 4-15 
M12—19* 
F 7—10 | 
F10—19* 
F10 
F30* | 


118 
149 





| VBRAWHE |] NONENEKOKN 
POACMAM | ACPACCAAT 














The two ages in column 2 represent the ages when the patient was seen for the first and last times. 
+ and — in columns 3 and 4 represent some way above or below the average of the group. 


Nor was their cyanosis severe. Most of them were put in grade 2, i.e. cyanosis that might 
not be noticed at a casual glance. Correspondingly, there was no great increase in their poly- 
cythemia or hemoglobin percentage, which ranged between 92 and 118 and averaged only 104 
per cent. The clubbing of the fingers and toes was also correspondingly mild, being described as 
slight in four, trivial in two, and absent intwo. Even in the most severe case there was no broadening 
of the finger ends. 

Again as might be expected, they rarely squatted. Only the fit young woman of 24 (Case 4) said 
that she had done so till she was 8 years of age, so we wonder if her bronchial arteries may not have 
become larger during her early years of life. 

All of them had large hearts, and the size of the heart and of the trunk and the unusual shape 
were all exaggerated by the increased pulmonary flow, the cardiothoracic ratio being larger (c.t.r. 
average 60-2°%, range 55 to 68°) than in those where the flow was diminished (c.t.r., average 56%, 
range 47 to 62°%). The lung fields were not grossly pleonemic, and this could hardly be expected 
when the pulmonary flows were only about twice the normal. 

At cardiac catheterization, which was performed in 6 of the 9, the pulmonary trunk was not 
entered in any and the aorta was entered from the right ventricle in 4 of them. The right ventri- 
cular pressure was equal to the aortic or the systemic arterial pressure recorded at the same time in 
all of them. The arterial oxygen saturations were all above 78 per cent, (mean, 83°%), reflecting 
the mild degree of cyanosis observed clinically. The essential figures of blood oxygen analysis are 
given in Table II. In Case 6 the mixed venous blood sample from the right atrium had a very low 
oxygen saturation, but this may be an error, due to sampling of coronary sinus blood. With this 
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exception, the results are remarkably uniform for all six patients. The pulmonary flow was gene ally 
about twice the systemic flow and exceeded it in every case. 
The following three short case notes are representative of this group. 


TABLE II 


RESULTS OF CARDIAC CATHETERIZATION IN PATIENTS WITH A SOLITARY TRUNK AND AN INCREASED 
PULMONARY BLOOD FLOw (GroupP IIA) 























| | 
| | | 

Systemic arterial blood was derived either from catheterization of the aorta or puncture of a systemic vessel. 
Blood withdrawn from the right atrium has been used as representative of mixed venous blood. Pulmonary/systemic 


arterio-venous oxygen differences are calculated on the assumption that pulmonary venous oxygen saturation was 96 
per cent. 


Systemic artery | | Mixed venous blood | A-V Oz differences 
Case No. — — ——_____—_|—_ = -— P/S fic w 
% O2 satn. | O2 content | oy O2 satn. 4 O2 content | Systemic | Pulmonary | rati 
| (Vol. %) | | (Vol. %) | 

2 78-6 18-9 | 58-5 13-4 | 5-5 3-1 1-8 

3 83-5 14-9 60:5 10-8 4-1 2:2 1-9 

6 ae ae | 86 91 | 39 | 2:3 

8 83-8 16:4 66:2 13-0 3-4 2-4 1-4 

9 89-0 16:3 65:0 11-9 4-4 | 1:3 3-4 

10 s2 | 35 | @3 i209 | 46 | ie 1:7 
Average .. 82:8 170 | 583 | 118 5-2 | 26 =| 2:1 

| | 





Case 2. A boy, aged 7*, had been slightly cyanosed from the age of four months: he could walk half 
a mile but less in cold weather. He had a loud single second sound in the pulmonary area and a continuous 
murmur, maximal at the same site but nearly as loud on the right side and on both sides behind. The heart 
was large (c.t.r. 57°%) with a deep pulmonary bay and a wide “aorta” giving an exaggerated sabot shape 
(Fig. 1A). No pulmonary arteries were seen and the blood flow to the lungs was through bronchial arteries 
(Fig. 2A). He got on well for 12 years: he is doing light work and can walk 2 miles or cycle 10 miles. 


Case 8. A girl, aged 17, was moderately disabled, but could walk up to a mile slowly. She had a large 
heart with a deep pulmonary bay. Her blood pressure in the right arm was often 140/90, but lower in the left 
arm and higher in the legs: there was no evidence of coarctation of the aorta although she had unilateral 
rib-notching on the right side (Fig. 5, Campbell, 1958), perhaps because of anastomoses between an enlarged 
intercostal artery and the lung, via the pleura. Her condition has changed little during 12 years. 


Case 9. A boy, aged 6, had been slightly cyanosed from three months old but could walk a mile easily. 
He had the usual signs but was one of the few patients with hypertrophy of both ventricles and lungs that 
were Obviously pleonemic on radioscopy though this does not show well in Fig. 6A: he had the largest 
pulmonary flow of all these patients (see Table II). In 1959, when he was 17, he was re-admitted with 
congestive heart failure and a still larger heart (c.t.r. 82%, Fig. 6B) but he had been leading a much more 
active life than advised, with hard manual work. He recovered and has remained well for another year 
with easier work. 


IIB. Solitary Trunk with a Diminished Blood Flow to the Lungs. 

Our main reason for separating these 7 patients from Group III is that investigations, including 
thoracotomy in 2 and angiocardiography in 5, revealed little or no evidence of the pulmonary 
arterial system. They were more disabled than those in Group IIA and were more often plaved 
in grade 3 than in grade 2. They were also more cyanotic though three were still in grade 2. 
The arterial O, saturation averaged 68 per cent (range 65—73) in the four where this was determined, 
instead of 83 per cent in those with an increased flow. Correspondingly, the hemoglobin | er- 
centage was higher, averaging 130 (range 98 to 161°), and all of them had moderate ciubt ng 
of the fingers. More of these patients, but still only 2 of them, squatted. 

One (Case 16) was diagnosed earlier as having a persistent truncus (Fig. 3 and 4, Campbell : nd 


* Unless stated otherwise, the age given is the age when the patient was first seen. 
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| 1G. 8.—Teleradiograms of two patients with a solitary trunk and a diminished blood supply to the lungs through 
bronchial arteries. (A) From a boy, aged 12, showing no trace of normal pulmonary arteries, nodular 
shadows in the left lung, a double aortic arch, and a heart of normal size (c.t.r.47%). See text for necropsy. 
Case 13. (B) Showing no trace of pulmonary arteries, nodular shadows in the lungs, and a large heart 
(c.t.r. 61%) from a boy, aged 7. Case 11. 


Gardner, 1950), but now we think it better to place her in this more inclusive group. Three have 
died, but only Case 13 had a necropsy and we are still uncertain if he had truncus arteriosus. 


Case 13. A boy, aged 12, was thought to have pulmonary atresia or possibly persistent truncus, though 
there was no increase in the size of his heart (Fig. 8A). The presence of a left-sided aortic arch and of a 
smaller right-sided arch from which an anomalous artery descended rather vertically to the right lung had 
been diagnosed by angiocardiography and confirmed at thoracotomy (Fig. 12, Campbell and Hills, 1950, 
and Fig. 6, Campbell and Gardner, 1950). Subsequently he was admitted to another hospital several 
times for paroxysms of tachycardia but his final admission, seven years later, was for severe pain in the left 
chest. This was due to a pneumo-hydro-thorax which became infected, and he died six weeks later, despite 
treatment with antibiotics. 

At necropsy he had an encysted empyema of the left lung. No pulmonary trunk was found, and the 
solitary trunk divided into two, each division giving off to the lung on that side a large vessel that was thought 
to be a bronchial artery. The two divisions. passed on either side of the trachea and cesophagus and after 
doing so united to form the descending aorta. There was a ventricular septal defect. The diagnosis of 
truncus arteriosus seems probable, but we are not certain, because the search for an atretic pulmonary 
trunk may not have been thorough enough. 


III PULMONARY ATRESIA 


The 18 patients placed in this group all had some elements of the pulmonary arterial system— 
enough to prove or to make us think that there was a pulmonary trunk even if it was wholly or partly 
atretic. The diagnosis of pulmonary atresia was proved in 11 cases, by necropsy in 5 (Cases 18-22) 
and by operation in 6 (Cases 23-28). As the remaining 7 (Cases 29-35) showed the same general 
features, including the results of angiocardiography, we are discussing them together. 

There was only one proved example of the less common type of pulmonary atresia with a closed 
ventricular septum (Case 18) but Case 29, a girl aged 4, was accepted as a second example. This 
type seems to be less common than has been thought and among 14 necropsies of our cases there 
has been only one example (Campbell, 1960). Keith et a/. (1958) call this type pulmonary atresia 
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with normal aortic root and emphasize the frequency of a simple valvular occlusion that would »e 
amenable to surgical treatment. 

The blood supply to the lungs was thought to be through a persistent ductus in 5 (certain in 4, 
probable in 1) and through bronchial arteries in 10 (certain in 7, probable in 3): in one of the lz st 
(Case 20) it was through an anomalous artery as well. Of the remaining 3 it was through an an )- 
malous artery in one and was uncertain in two. 

Of these 18 patients, 16 were moderately or severely disabled and cyanosed (see Table III), wi h 
hemoglobin percentages ranging from 110 to 148 (average 127%), but 2 had relatively little dis 1- 
bility and cyanosis. Only 4 of the 18 gave a history of squatting. 

Often in pulmonary atresia, as in Fallot’s tetralogy, the heart is little, if at all, enlarged (Fig. ‘). 
This was so in 11 of these 18, the cardiothoracic ratio being between 46 and 53 per cent (avera :e 
49-8°%), but it was much larger in the other 7 (c.t.r. 57 to 66%; average 59-7%). At least one of 


TABLE III 


COMPARISON OF SOME CLINICAL DATA FOR PATIENTS WITH SOLITARY TRUNK (II), PULMONARY ATRESIA (IID), AND 
FALLOT’s TETRALOGY 























Group and No. of | Disability | Cyanosis | Art. O2 satn. | Hemoglobin | Heart size |Right-sided| Squatting 
cases Mean and Mean and (c.t.r.) aortic 
range | range Mean and arch | 
range 
IIA (9) 2-0* 1-8* 83 (79-89) 104 (92-118) | 60-2 (55-68) 5/9 | 1/9 
IIB (7) 2:5 2°9 68 (65-73) | 130(98-161) | 56-0 (47-62)| 34/7 | 2/6 
III (18) 2:9 3-0 73-2 (67-81) | 127 (110-148) | 53-6 (46-66) 4/18 4/18 
Fallot’s t. (50)* 3-2 3-2 72:7 (47-92) | 134 (120-150) | 48-8 (37-61) 1/4 | 8/10 








* The figures in columns 2 and 3 are the means of the Grades into which these patients were originally put. 
+ Most of these figures are taken from the first 50 patients operated on at Guy’s Hospital, but the hemoglobin 
figures are from 100 cases (Campbell, 1954, Table II). 





Fic. 9.—Teleradiograms of two patients with pulmonary atresia and a diminished blood flow to the lungs 
through bronchial arteries. (A) An enlarged heart (c.t.r., 599%) with the usual shape of pulmonary 
atresia from a girl, aged 3. She was somewhat improved after an anastomotic operation. Case31l. (B) A 
heart of normal size (c.t.r., 49°%) with a right-sided aortic arch and an unusual shape because there was 
also corrected transposition of the aorta and pulmonary trunk. From a girl, aged 7, still getting on well 
after 12 years. Case 33 
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these had additional cardiac malformations, but we do not know why the others, three of whom 
were proved to have pulmonary atresia only, had such large hearts. Short case reports of the 5 
w.th necropsies follow and in these 5 the ages quoted are those at the time of death. 


Case 18. A girl, aged 15, had pulmonary atresia and a closed ventricular septum with a pulmonary 
bl: od supply through a large left-sided persistent ductus (fully reported as Case 1 by Allanby et al., 1950). 

Case 19. A boy, aged 5, had isolated levocardia, pulmonary atresia with a ductus on the left side, and 
co biloculare (Campbell ef a/., 1952). There was no inferior vena cava and the blood from the lower 
pa t of the body reached the atrium through the vena azygos. 

Case 20. A girl, aged 7, had pulmonary atresia with a blood supply to the lungs through bronchial 
art ‘ries and an anomalous artery from the aortic sinus (Case 6, Allanby et al., 1950). 

Case 21. A girl, aged 4, developed severe cyanotic attacks and died after operation. Necropsy 
co: firmed the pulmonary atresia with a bronchial artery blood supply to the lungs: the ductus was closed. 

Case 22. A boy, aged 1, had been cyanotic from birth and died after thoracotomy. He had pulmonary 
va ve atresia with a left-sided ductus and a large high ventricular, and a smaller atrial, septal defect. In 
ad ition, the aorta was anterior to the pulmonary trunk, but the transposition was of the corrected type and 
of 10 functional importance in the presence of pulmonary atresia and a large V.S.D. 

Cases 23-28, three boys and three girls, aged between 5 and 11 years all had operations from which they 
ob ained varying degrees of improvement and were included among those reported by Campbell (1960). 
Ne ther these nor Cases 29-35 need be described individually. 


IV. FALLoT’s TETRALOGY 


Three patients (Cases 36-38) had Fallot’s tetralogy and two (Cases 39 and 40) had the main 
fectures of this with additional lesions. The continuous murmur was soft and inconstant in the 
first three. It happened to be heard best on the right side in four patients although the aortic 
arch was on the left: in the fifth it was heard equally well on both sides. The first three all squatted. 
The degree of cyanosis and polycythemia varied widely with a range from 101 to 154 per cent 
(average 120%). As with most cases of Fallot’s tetralogy there was little enlargement of the heart: 
the cardiothoracic ratio averaged 49 per cent in the first four, but was 59 per cent in Case 40 who had 
other lesions as well. Short case notes of these 5 patients follow. 


Case 36. A man, aged 20, thought at first to have pulmonary atresia, had a successful pulmonary 
valvotomy for severe Fallot’s tetralogy: he had been getting much worse with attacks of unconsciousness and 
the pulmonary valve was almost occluded. He has kept very well for eight years since his operation. His 
soft continuous murmur was thought to be due to a right-sided bronchial artery and at operation another 
bronchial! artery was seen behind the small left pulmonary artery and was nearly as large as it. 


Case 37. A girl, aged 3, had pulmonary valvotomy four years later for Fallot’s tetralogy: she was 
improved but was still cyanotic and disabled. A soft continuous murmur was heard, generally but not at 
every visit, on both sides and in the back. An unusual number of smaller collateral arteries but no large 
bronchial arteries were seen at operation. 


Case 38. A girl, aged 12, was very similar as regards her soft inconstant murmur but was not much 
disabled. She has got on well for 12 years and is now married with a child. 


Case 39. A girl, aged 14, who had little cyanosis or disability and has got on fairly well for twelve years, 
had a loud and constant continuous murmur on the right side though the aortic arch was on the left. At 
catheterization, the aorta and the right P.A. were entered from the right ventricle and the O, saturation in 
the right P.A. was higher than in the R. ventricle, showing that there was an additional O2 supply through the 
right-sided ductus or, more likely, some other collateral artery. The position of the catheter in the great 
vessels suggested that she had corrected transposition as well. 


Case 40. A girl, aged 5 when she died, had complete situs inversus and was thought to have pulmonary 
atresia with a blood supply, mainly to the right lung, through a right-sided ductus. At catheterization, a 
double S.V.C. was confirmed and the large azygos vein drained into the S.V.C., suggesting that the inferior 
vena cava was absent. At operation there was a small right ventricle and a large left ventricle from which 
the aorta and the severely stenosed pulmonary trunk both arose. There was also some obstruction between 
the right P.A. with a good blood supply through the ductus and the left P.A. with a low pressure and flow 
through the almost atretic pulmonary trunk. She died soon after the thoracotomy. At necropsy, these 
features were confirmed and there was also a ventricular septal defect and a large atrial septal defect. 
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V. UNCLASSIFIED PATIENTS 


These 5 patients seem different from each other and from those already described. General /, 
it is useless to discuss complicated cases of congenital heart disease, even after investigations, unle ss 
they have come to necropsy, because there is so much that is possible and so little that is certai. 
Here, however, we have thought it desirable to record them shortly to give a more complete pictu ‘e 
of all forms of cyanotic congenital heart disease with continuous murmurs. 

None of these five had the X-ray picture that suggests a bronchial artery blood supply to t' e 
lungs. Four probably had a persistent ductus, though we have no proof of this, and Case 43 hid 
a soft continuous murmur of the type that we have heard with Fallot’s tetralogy when there is al o 
a large bronchial artery. None of them gave a history of squatting. Two had isolated dextr.)- 
cardia. 

One of the first patients who in 1946 interested us in this syndrome with a continuous murmur 
was thought to have pulmonary valvar stenosis with a persistent ductus, and this was support«d 
by cardiac catheterization (Deuchar and Zak, 1952) and proved by successful operation; but her 
cyanosis was only peripheral although at first it was thought to be central. Case 41 has this 
combination of lesions with central cyanosis. 


Case 41. Pulmonary Stenosis and Persistent Ductus. A girl, aged 11, had only moderate disability and 
cyanosis but a large heart (Fig. 10A, c.t.r. 57%). A loud continuous murmur was heard best on the left 
side (aortic arch, left-sided). On angiocardiography the large P.A. remained filled for some time and this 
was thought to be due to pulmonary stenosis. On catheterization the P.A. was not entered, the pressure in 
the right ventricle was raised, and there was a defect in the atrial septum. She was thought to have a right- 
to-left shunt through this defect and pulmonary stenosis with a persistent ductus. She developed tuber- 
culosis of the lung but has made a good recovery and, now aged 23, still leads a fairly active life. 





Fic. 10.—Teleradiograms from three unclassified patients. (A) From a girl, aged 11, with pulmonary stenosis 
and a persistent ductus. Case 41. (B) Case 42, aged 27. (C) Case 43, aged 21. See text. 


Case 42. No Diagnosis Made. A woman, aged 27, could lead a quiet life and walk a mile, thoush 
always moderately cyanosed (Hb. 133%). A continuous murmur was heard over the left side. On radi- 
scopy there was probably a double aortic arch, oligemic lungs, and a large R.V. though she was the or ly 
patient without clear R.V. preponderance in the electrocardiogram. On angiocardiography, a large shad¢ w 
on the left appeared to be a dilated pulmonary trunk but the lungs filled badly, the left better than the rig t. 
A catheter passed from the right to the left atrium but could not be manipulated into a ventricle. S$ 1¢e 
died at home two years later but there was no necropsy. 

Case 43. Diagnosis Uncertain. A girl, aged 21, had always been cyanosed (Hb. 118°): she could ea ‘n 
her living and walk up to two miles but did not feel this an adequate life. She seemed to be an ordine y 
case of Fallot’s tetralogy (Fig. 10C) with a soft continuous murmur best heard in the right axilla. it 
thoracotomy by Mr. Holmes Sellors, there were many small collateral arteries, a small aorta, and a lar 
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1G. 11.—Teleradiograms from two patients with isolated dextrocardia, large hearts, and pleonemic lungs. (A) 
Case 44, then aged 4. (B) Case 45, then aged 9. Both are getting on well more than ten years later. 
See text. 


pu.monary trunk with a pressure of 56 mm. Hg, about the same as the aortic pressure at the time. She 
be ame very depressed that nothing had been done and died some days later. Necropsy was refused. 
Eisenmenger’s complex was thought probable at thoracotomy but this seems to us unlikely. 

Case 44. Isolated Dextrocardia. Pulmonary Hypertension. Large A.S.D. ?Single Atrium. Pleonemic 
Lungs. A girl, aged 3, had always been slightly cyanosed (Hb. about 100°%) but had little disability in spite 
of an enormous heart (Fig. 11; c.t.r. 659%). A loud continuous murmur was heard on the right side (arch 
on right side but arching to the right). Catheterization showed that the pressure in the ventricle and P.A. 
was about the same as that in the brachial artery, and the O, saturations also were about the same— 
76 per cent in the S.V.C., 83 per cent in the atrium, 87 per cent in the ventricle, 85 per cent in the P.A., 
and 84 per cent in the brachial artery. The I.V.C. was thought to be absent. She is now 14 and attends an 
ordinary school: she can walk 6 miles and play a little tennis. 

Case 45. Isolated Dextrocardia. Cyanotic Heart Disease. ?Transposition. Pulmonary Hypertension 
(presumed) with Pulmonary Regurgitation. A girl, aged 9, was not much disabled or cyanosed (Hb. 91%) 
though some cyanosis had been noticed since infancy and she had a large heart (c.t.r. 619%). A loud con- 
tinuous murmur that could be heard without a stethoscope was maximal on the right side (arch left-sided). 
The catheter entered a venous atrium, posteriorly and on the left, and passed easily to her atrium and arterial 
ventricle on the right. No venous ventricle could be entered; nor could the aorta or P.A. Angiocardio- 
graphy showed a small venous ventricle from which the aorta appear to rise, the large P.A. filling later. She 
is now 20 and her condition is little changed. 


DISCUSSION 

The pathological anatomy and classification of this form of congenital heart disease have 
been discussed earlier: here, we wish to comment on some of the clinical features. 

The Continuous Murmur. In most of our patients the continuous murmur was loud or at least 
easily heard. The site where it was heard best varied greatly from patient to patient and sometimes 
from time to time, and was sometimes difficult to place precisely owing to its wide conduction. 
Sometimes it was heard best high under the left clavicle but not as constantly as it is with a persistent 
ductus. It was heard best on the right side in nearly one-third, on the left in half, and equally 
well on both sides in the remaining one-sixth: in many more it was conducted across to the other 
side and often through to the back on one or both sides. Generally, however, it was possible to 
say on which side the murmur was louder, and in some patients the pulmonary blood flow was 
obviously greater on this side. 

In contrast with this, the murmur was soft and inconstant in the three patients with uncom- 





188 CAMPBELL AND DEUCHAR 


plicated Fallot’s tetralogy and in one other who was undiagnosed (Case 43). We think this is t 1¢ 
usual finding in the small number of patients with the tetralogy who have a continuous murm r. 
Such a murmur has been heard in less than 1 per cent of our cases with Fallot’s tetralogy: some oth: rs 
may have been missed but not, we think, many. It is in some ways surprising that a better collate al 
circulation through bronchial arteries, large enough to produce a murmur, does not develop ‘n 
more of the severe cases of Fallot’s tetralogy where it would be so advantageous. This appl 2s 
equally, though at an earlier stage, to persistence of the ductus arteriosus. We can not recoll ct 
seeing a patient with uncomplicated Fallot’s tetralogy and a proved persistent ductus, but c ir 
experience is mostly with older children rather than the infants in whom Taussig thought tie 
closing of the ductus was responsible for their deterioration or death. We have, however, se :n 
one child with pulmonary atresia whose death just before her fifth birthday seemed to be due - 
the ductus closing: she is not included in this series because no continuous murmur had been hea ‘d 
at any of her visits to hospital. 

The continuous murmur seems to be produced by the anastomosis of a bronchial artery with a 
branch of the pulmonary artery, in a similar way to the continuous murmur after a subclavia 1- 
pulmonary anastomosis. Soulié et al. (1950) say that Routier has put forward this explanation 
for many right-sided continuous murmurs since 1940. 

Wood (1956) states that a continuous murmur means pulmonary atresia, not persistent truncus, 
and that such a murmur was present in all his 15 cases of pulmonary atresia. This is an over 
simplification for a continuous murmur was heard in only half of our proved cases of pulmonary 
atresia. It is true that it is uncommon in the classical type of truncus arteriosus and Scott (personal 
communication) heard a continuous murmur in only 1 of her 20 cases in infancy. It is, however, 
not uncommon in the type with the pulmonary blood flow —— bronchial arteries, and Taussig 
(1947) agrees with this. 

The Side of the Aortic Arch. The aortic arch was found on the right side in 15, and on both 
sides in 1, of the 45 cases—an incidence of 33 per cent which is higher than the 25 per cent found 
with Fallot’s tetralogy. 

The arch was on the right side in 8, and was double in 1, of the 16 cases with a solitary trunk 
and in the one proved case of persistent truncus. This exceptionally high incidence of over 50 per 
cent may be partly due to chance, but it seems probable that here a right-sided arch is more common 
than with Fallot’s tetralogy. Collett and Edwards (1949), however, found it right-sided in only 12, 
and double in 1, of the 76 cases of persistent truncus where this was clearly stated. It was right- 
sided in 4 of the 18 cases of pulmonary atresia, and this is about the same proportion that is found in 
Fallot’s tetralogy. 

The Relationship of the Continuous Murmur and the Side of the Aortic Arch. Where the blood 

flow to the lungs was through a persistent ductus. (6 cases, all with pulmonary atresia), the murmur 
~qas heard beston te Same side as the no ic arch—five times on the left side and once on the right 
side. This is, of course, a well-known relationship when the murmur is due to a ductus. 

Although not generally recognized, there is a tendency for the same relationship to exist where 
the blood flow to the lungs is through bronchial or other anomalous arteries, as it was in most of 
these cases (Table IV). When the aortic arch was left-sided, the murmur was best heard on the 
left in 10 cases (5 with pulmonary atresia (PA) and 5 with a solitary trunk (ST)), on both sides in 4 
(2 with PA, 2 with ST), and on the right in 2 cases (both with PA). When the arch was right-sid-d, 
the murmur was best heard on the right in 5 cases (1 with PA, 4 with ST), on both sides in 2 (both 
with ST), and on the left side in 4 cases (2 with PA, 2 with ST). In the one patient with a solit: ry 
trunk where the aorta arched to both sides, the murmur was heard best on the left although the m pst 
striking anomalous artery seen in this case on angiocardiography was on the right side. In all he 
six cases of Soulié et al., however, the continuous murmur was heard best on the right side, thor gh 
the aortic arch was right-sided in only two of them. 

In conclusion, the aortic arch was twice as likely to be on the side on which the murmur was he: rd 
best as on the other side, excluding the cases of Fallot’s tetralogy. 
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TABLE IV 
S!DE OF THE AORTIC ARCH AND OF THE LOUDEST CONTINUOUS MURMUR WHEN THIS WAS PRODUCED BY BRONCHIAL 
ARTERIES 
il | 
| Left-sided arch | Right-sided arch 
Murmur heard best on | Murmur heard best on 
| Left Both Right | Right Both Left 
Sol: ary trunk* ie ae as a | 3 y | 0 + 2 2 
Pul 1onary atresia .. ‘ a ¢ 2 1 0 2 
Bot ssa a! dak 4 2 5 2 4 











| 

| Cases with blood supply 
| through persistent ductus 
| 











Murmur loudest on Left arch, | Right arch, 
— murmur murmur 
Same side as arch | Both sides | Opposite side to arch as left | as right 
= 15 6 | 6 5 | 1 





The one case in which the arch was on both sides is not included. 


increased Pulmonary Blood through Bronchial Arteries. We have found no account of cases 
wit 1 a solitary trunk and an increased blood flow to the lungs through bronchial arteries, though 
the large blood flow through pulmonary arteries arising from a persistent truncus is well known. 
Wood (1956) gives clear pictures of truncus arteriosus with pleonemic lungs and of pulmonary atresia 
witli oligemic lungs but not of our group where the blood flow to the lungs is moderately increased 


| although it is through bronchial arteries. Soulié et a/. (1950), however, reported six cases with 


radiograms and angiocardiograms very similar to ours and gave one of their reasons against surgical 
treatment of this group that “the pulmonary blood flow was assured by the anastomoses that had 
formed spontaneously.” 

Transposition of the main trunks has been accepted as the common cyanotic condition with an 
increased pulmonary blood flow, most other conditions being regarded as having a diminished flow. 
Both on clinical grounds and on the catheter results, several of our patients had an increased pul- 
monary flow. This lessens the degree of cyanosis produced by the complete mixing of the venous 
and arterial blood, and the larger pulmonary flow and the more active life that this allows throw 
more work on the heart and lead to greater cardiac enlargement. These factors help to explain 
why many of our patients have such a wide “‘aorta” and such a large heart and yet have relatively 
little cyanosis and disability. There is some parallel here with the large hearts and slight disability 
of the patient with Fallot’s tetralogy who has been given a large anastomosis, so that he is much 
better as regards his colour and his capacity for exertion but develops a large heart. 

Other Clinical Findings in Our Patients. A comparison of our Groups II and III with each 
other and with Fallot’s tetralogy without a continuous murmur has been set out in Table III. The 
disability and cyanosis of the patients have been placed in the four grades that we have used for 
the last twelve years, e.g. I, cyanosis only on exertion; II, cyanosis not obvious at a glance; III, 
cyanosis obvious at a glance; and IV, severe cyanosis. The figures in the second and third columns 
give the average obtained by treating these grades numerically; thus, in Group IIA the cyanosis 
was generally not, and in Group III it generally was, obvious at a glance, and for those with Fallot’s 
tetralogy it was rather more than this. 

The degrees of disability and cyanosis rise steadily from those with a solitary trunk and an in- 
creased pulmonary blood flow (IIA) where these figures are 2-0 and 1-8 respectively to those with 
Fallot’s tetralogy, 3-2 in each case. The patients witha solitary trunk and a diminished blood flow 
and those with pulmonary atresia are intermediate and not very different (disability, 2-5 and 2-9; 
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and cyanosis, 2-9 and 3-0 respectively). Similarly, the mean hemoglobin percentages rise regul: rly 
from 104 to 134 per cent, and the proportion with a history of squatting from 1 in 9 to 8 in 10 

The changes in the arterial O, saturation and in the size of the heart are in the reverse directi )n, 
the former falling regularly in each group from 83 to 73 per cent and the cardio-thoracic ratio fr »m 
60-2 to 48-8 per cent. These findings suggest that the pulmonary blood flow becomes progressiv :ly 
smaller from our Groups IIA to IIB to III and is most severe in Fallot’s tetralogy—one reason v hy 
the results of an anastomotic operation are most satisfactory in this group. It is easy to unc 2r- 
stand why the heart was larger in those with an increased pulmonary flow than in those wit). a 
diminished one (c.t.r. 60°% instead of 56°%); but not why it was so large in the latter and in some of 
our cases of pulmonary atresia, since enlargement is uncommon with Fallot’s tetralogy unless th :re 
are complicating lesions, in spite of the hypertrophy of the right ventricle. 

Prognosis. The prognosis was surprisingly good for our 9 patients with a solitary trunk end 
an increased pulmonary blood supply even though this was through bronchial arteries only and he 
heart was very large (Group IIA). Most of them have got on well for ten to twelve years and can 
do as much as when we first saw them. One woman was seen in 1955, when she was 24: she was 
working as a nurse and could walk five miles and is much the same after five years (Case 4). Eiht 
were seen first in 1947-49, when one was 2, six were between 6 and 13, and one was 17 years of aye: 
six of these have been examined in 1960 and we have heard from the doctor of the seventh: only 
one has not been traced. Five seem to be as well now as they were in 1948; one, the youngest, has 
increasing disability; and Case 9 (q.v), now 17, had an episode of heart failure recently following 
employment as a heavy manual labourer. Clearly, no surgical treatment that is available at present 
is indicated for these patients, since their blood supply to the lungs is reasonably adequate. 

The 7 patients with a solitary trunk and a diminished pulmonary blood flow were more disabled 
and have not done so well. Four of them have died (see Table I), three in the second decade and one 
at the age of 30 years. Only one (Case 12) has been followed for more than ten years: she has not 
lost much ground so probably her pulmonary blood flow was not greatly diminished. No surgical 
treatment is available for these patients as there are no arteries to which an adequate anastomosis 
could be made. 

Patients with pulmonary atresia who survive their first 7 years or so have some advantages, for 
atresia can not become more severe as pulmonary stenosis often does, and their pulmonary blood 
supply direct from the aorta can increase when the aortic blood pressure rises with exercise. We 
have little to add to this from our patients, since 11 of the 18 had anastomotic operations: 5 died 
at the time or soon after, so the operative mortality is much higher than for Fallot’s tetralogy. 
Six are getting on well or fairly well 6 to 11 years after anastomotic operations (Campbell, 1960) 
and some of them would probably not have lived long without their operation. Two were never 
very disabled and the remaining five have not changed much. 

Only a few of these cases are suitable for pulmonary valvotomy or infundibular resection when 
the atresia is diaphragmatic and the pulmonary trunk is patent beyond this. Those without ade- 
quate pulmonary arteries can not be helped, but there are still several who can be improved by sub- 
clavian-pulmonary anastomosis, though generally not as much as patients with Fallot’s tetralogy 
(Campbell, 1960). It is rather surprising that they get as much improvement as they do when the 
lungs already obtain their blood flow direct from the aorta: clearly the bronchial or other collateral 
arteries have not hypertrophied as much as was desirable. 

Pulmonary Atresia or Truncus Arteriosus. It is disappointing that so many of our patients 
have to be left with the incomplete diagnosis of solitary trunk, but the clinical distinction betw:en 
pulmonary atresia and truncus arteriosus is often impossible. Of our proved cases with necror sy, 
the majority (5 cases) had pulmonary atresia and only 1 had truncus arteriosus. This seems to be 
true of reported cases. The only patient of Soulié et a/. (1950) with a necropsy had pulmon iry 
atresia: the bronchial arteries were larger than the small peripheral portions of the pulmon iry 
arteries with which they anastomosed. Roche (1953), reporting three cases of cyanotic heart dise ise 
with continuous murmurs, thought these were generally due to broncho-pulmonary anastomc ses 
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in cases of pulmonary atresia, and this was proved by necropsy in one. Wheeler and Abbott (1928) 
also accepted one unusual case as pulmonary atresia: a small persistent ductus from a right-sided 
aortic arch joined a small right pulmonary artery, but there was also an incomplete left aortic root 
fron which the main blood supply to the lungs arose through bronchial arteries. 

Truncus Arteriosus. Little has been published about the clinical findings in patients with P.T.A 
wh » have passed infancy. All authors are agreed about the bad prognosis. Abbott (1932) found 
25 xamples among her 1000 cases of cardiac malformations: the average age at death was 4 years, 
anc only one patient had lived for 25 years. Most of the 13 cases reviewed by Humphreys lived 
onl ‘ for some weeks or months and only one survived to adult life: on the other hand, four of those 
she classified as solitary arterial trunk lived for between 18 and 33 years. Keith et al. (1958) found 
tha three-quarters of 89 personal and reported cases died in the first six months, and Taussig (1947) 
agr ed that most babies die within the first ten days of life, generally with heart failure. This poor 
prc znosis explains why there are few cases in most clinical series. 

When the pulmonary arteries arise directly from the truncus, the lungs are pleonemic and the 
pat ent is little, if at all, cyanosed. Marshall (1943), however, reported a case of this type, a boy 
age 1 13 when he died, who had been cyanotic from birth, perhaps because the vascular resistance 
in 1 1e lungs had never fallen enough to allow a large pulmonary flow. The importance of the pul- 
mo 1ary resistance in influencing the amount of the pulmonary blood flow and, therefore, the degree 
of :yanosis has been emphasized by Wood (1956). 

By contrast, Taussig (1947) thought that much cyanosis suggested the alternative type with the 
blood supply to the lungs through bronchial arteries, but her discussion of this type seems to be 
based largely on a single case that was complicated by having a single ventricle. Brown (1950) 
staies that generally a loud second sound that is single in the pulmonary area is the only helpful 
auscultatory sign but this is found with pulmonary atresia also and with some forms of transposition 
of ihe great vessels: often the cardiac silhouette, which he compares with a sitting duck, is the 
most characteristic sign. 

Cases with Multiple Defects: Absent Inferior Vena Cava. Some of our patients had multiple 
defects and this was specially so in the small unclassified group. Two had corrected transposition 
(Cases 22 and 39). Dextrocardia was more common than would be expected by chance for Case 
40 had situs inversus, Cases 27, 44, and 45 isolated dextrocardia, and Case 19 isolated levocardia 
and cor biloculare. 

It is curious that three of these last five had an absent inferior vena cava (I.V.C) with the circu- 
lation from the lower half of the body reaching the heart through an azygos vein (see Table V). In 


TABLE V 


CASES WITH ABSENCE OF THE INFERIOR VENA CAVA 











Sex and 
Case No. pee Other malformations 
19 MS5t Isolated levocardia, pulmonary atresia, and cor biloculare (Case 4*) 
40 F5t+ Situs inversus and severe pulmonary stenosis (Case 5*) 
F3—14 Isolated dextrocardia and pleonemic lungs (Case 7*) 
P180 M2/127 Isolated dextrocardia, pulmonary stenosis, single atrium, and common A-V 


valve (Case 6*) 





* Case numbers in Campbell and Deuchar, 1954. 
+ With necropsy proof. 


Case 44 the catheter in the right saphenous vein passed up the left side, through an azygos vein, 
and then down a left S.V.C. into a left-sided atrium; presumably there was noI.V.C. In Cases 19 
and 40 the diagnosis was confirmed by necropsy. 

We have previously reported four cases of this type, when describing a series of patients with a 
left-sided superior vena cava. One with isolated dextrocardia died when two months old and the 
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others (Cases 4, 5, and, 7 of Campbell and Deuchar, 1954) are the three included here. We hc ve 
seen other examples of this condition, but only these three had a continuous murmur: this vas 
proved to be due to a persistent ductus in two and was thought to be in the third. Obviously th: re 
is no direct connection between the persistent ductus and the absent I.V.C.—only the fact that ‘ 1¢ 
patients concerned have complex lesions made up of several separate malformations. 

This curious syndrome, where the I.V.C. is absent and the blood from the lower half of the box y, 
apart from the portal and hepatic veins, reaches the heart through a large azygos vein and the rig ht 
or left S.V.C., is not extremely rare but does not seem to be widely recognized. All our four origi: al 
cases had complete or partial transposition—situs inversus in one, isolated levocardia in one, a id 
isolated dextrocardia in two. It seems that partial or complete transposition is one factor in tie 
production of this syndrome, probably because it makes it more difficult for a venous system tl at 
was originally bilateral and symmetrical to develop into an inferior vena cava that is unilateral a id 
therefore asymmetrical. 


SUMMARY AND CONCLUSIONS 


We have discussed the diagnosis, clinical picture, and prognosis in 45 patients with cyanoiic 
congenital heart disease and a continuous murmur. The murmur was loud in 40 and soft and 
variable in 5 of them: it was due to a persistent ductus in one-quarter and to a bronchial artery 
blood supply to the lungs in three-quarters. 

In 35 of the 45 patients, there was a single arterial trunk that carried the blood from both 
ventricles. When there is such a trunk and a pulmonary blood supply through bronchial arteries, 
it is often impossible to make the clinical distinction between persistent truncus arteriosus and pul- 
monary atresia: we have classified such patients as having a solitary trunk. In all these there is a 
continuous range from patients with a reduced pulmonary blood flow, a heart that is not much 
enlarged, moderate cyanosis, and considerable disability (the classical and commoner picture of 
pulmonary atresia) to those with an increased pulmonary blood flow, a large heart, slight cyanosis, 
and relatively little disability until heart failure supervenes (the classical and commoner picture of 
persistent truncus in infancy). 

Of the 45 patients, 1 had a persistent truncus, 16 had a solitary trunk, and 18-had pulmonary 
atresia: 5 of the remaining 10 had Fallot’s tetralogy or a related condition and the last 5 could not 
be classified. 

Of the 16 patients with a solitary trunk, 9 had an increased blood flow to the lungs, although this 
was through bronchial arteries—a condition that has not been widely recognized (our Group IIA). 
Corresponding to this, they were less disabled and cyanosed and had less increase in their hemo- 
globin than most patients with Fallot’s tetralogy or pulmonary atresia, they did not squat, and had 
little or no clubbing of the fingers (see Table III). Most of them have got on well for 12 years and 
are now near the end of their second decade. No surgical treatment is indicated for such patients 
at present. 

In general, squatting was much less common than with Fallot’s tetralogy. It occurred in 3 of 
the 5 patients who were placed in the Fallot group but in only 7 of the other 40—in 3 of the 17 with a 
solitary trunk and in 4 of the 18 with pulmonary atresia. 

The aortic arch was right-sided in rather more than half of those with a solitary trunk, and in 
about a quarter of the patients with pulmonary atresia, this being about the same proportion in 
pulmonary atresia as in Fallot’s tetralogy. 

The pulmonary blood flow was through bronchial arteries in all the patients with a solitary 
trunk and in about two-thirds of those with pulmonary atresia: in the remaining third it was throu zh 
a persistent ductus. The continuous murmur was generally loudest on the same side as the aor ic 
arch, even when the flow was through bronchial arteries. 

Several of the patients had other malformations of the heart, the commonest being some fo: m 
of transposition of the viscera—situs inversus in 1, isolated dextrocardia in 3, and isolated levocar« ia 
inl. There were 3 patients among these 5 who had no inferior vena cava and a blood flow from t1e 
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lower half of the body through the azygos vein—an interesting syndrome that is not widely recog- 


nized. 


\/e should like to thank Dr. Frances Gardner for help in the investigation of several of these patients in 1948-50 


anc for many discussions about them. 
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Congenital malformations, especially those of the heart, are among the important causes of 
death in the neonatal period and in childhood. The factors of heredity and environment have 
been discussed by numerous workers, and there are many reports about the incidence of con- 
genital cardiac defects in one or both of twins and of more than one case of congenital cardiac 
disease occurring in the same family. 

Medvei and Résler (1932) reviewed 37 cases of familial cardiac lesions and Courter et al. (1948) 
found 63 reports describing the occurrence of congenital heart disease in two members of a family. 
In 1958 Carleton et al. collected the reports of 141 affected families published since 1941 and added 
three cases of their own. Many authors have contributed cases including Ellis (1933), Lucksch and 
Stohr (1936), Kjaergaard (1946), Elshove (1951) and Bertoye et a/. (1952). 

A number of workers have expressed their opinions on the importance of the environmental 
factor and on the problems of heredity. Maternal rubella during the first trimester of pregnancy 
appears to be the only proved environmental factor of much importance, for example Murphy (1947) 
collected 295 reports of congenital defects occurring after maternal rubella, including 117 malforma- 
tions of the heart. The study of uniovular and biovular twins by Lamy et al. (1946) and Uchida 
and Rowe (1957), where in the majority of cases only one twin was affected, shows that heredity 
does not play a particularly important place in the production of congenital cardiac defects. Camp- 
bell (1959) reported 40 families with two or more cases of congenital heart disease and was im- 
pressed by the fact that the affected members of a family usually had the same type of malformation: 
he thought genetic factors the more important, probably not always decisive alone but becoming 
manifest under the influence of some environmental factor. 

An annotation in the British Medical Journal (1959) considers that, though suggestive, multiple 
familial occurrences does not prove that the defects have a genetic basis, as a whole family may be 
exposed to some particular environmental risk. The weight of evidence appears to favour both 
genetic and environmental factors as having some part in the etiology of congenital heart disease. 
Foxon (1959) concluded that it would be reasonable to suppose that there is more than one cavse 
of congenital heart disease, and mentioned the interventricular septum that may be underdeveloped 
due to nutritional deficiency, or well developed but incorrectly aligned, and therefore incomplete, 
due to some genetic factor. 

The object of this paper is to present the case of a family in which the mother had a patcnt 
ductus arteriosus and two of her children had a persistent truncus arteriosus confirmed by necropsy. 
The only somewhat similar case has been reported by Giustra and Tosti (1939)—twin boys w th 
true cor biloculare associated with a partial persistent truncus. 


CASE REPORT 


The mother, born in 1928, had been attending the cardiac clinic at Kingston General Hospital for so ne 
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years with a diagnosis of patent ductus arteriosus, but in September, 1953, it was found that she had a sys- 
to'ic murmur only and it was thought that the ductus was gradually closing. In February, 1958, it was 
fond that she was free from any murmur. 

In April, 1951, the mother gave birth to a normal male infant and in July, 1953, she gave birth to another 
fu i-term male infant who died three days later. Post-mortem examination showed the presence of a per- 
sis ent truncus arteriosus with two pulmonary arteries arising from the main trunk which continued as the 
ac ta. Unfortunately there was no detailed examination and description of this heart. 

In April, 1958, the mother was admitted to Hedon Road Maternity Hospital having gained over forty 
pe inds in weight during her third pregnancy. She was found to have oedema of the ankles and sacrum 
ali 1ough her urine and blood pressure were normal. The following month she gave birth to a post-mature 
fei ale infant weighing 10 lb. 10-0z. A severe degree of hydramnios was present. The baby at birth was 
gr y in colour with cold extremities and a systolic murmur was present over the precordium. The baby’s 
co :dition deteriorated and she died four days later. A post-mortem examination was carried out and the 
ab 1ormalities found were confined to those of the cardiovascular system. 

Examination of the heart showed a persistent truncus arteriosus measuring 1-3 cm. in diameter, and 
frc n its posterior aspect an arterial branch, measuring 0-8 cm. in diameter, passed behind the main trunk 
to :nter the hilum of the right lung: a separate smaller branch, measuring 0-6 cm. in diameter, was given off 
to ‘he hilum of the left lung. These two vessels represented the arterial supply to the lungs. 

The heart was somewhat enlarged, the left ventricle measuring 0-8 cm. at its maximum thickness, and the 
rig 1t ventricle measuring 0-4 cm. in thickness. Four semilunar cusps were present at the orifice of the 
tri ncus: these were distorted and on each were warty vegetations, histological examination of which showed 
no 1-specific, inflammatory, proliferative changes. The cusps were arranged as two in the anterior position 
an | two in the posterior position. The left coronary artery arose from the left posterior sinus, and the 
rig it coronary artery from the right anterior sinus. The coronary arteries followed the normal distribution 
over the ventricular surface. 

A moderately large ventricular septal defect was present with the common trunk over-riding the defect 
with some shift to the right. An atrial septal defect was also present. The right atrio-ventricular valve 
had two cusps only and the mitral valve had three cusps and showed severe narrowing of the orifice. A 
patent ductus arteriosus could not be found. 


> 


yy 


EMBRYOLOGY AND SOME OTHER FEATURES 


Before the interventricular septum has become established at about the 5-mm. stage, spiral sub-endo- 
cardial thickenings, the bulbar ridges, appear in the distal part of the bulbar cordis, i.e. the truncus arteriosus, 
by the growth and fusion of the ridges. At about the 20-mm. stage a spiral aortico-pulmonary septum is 
formed which divides the bulbus cordis into the aorta and pulmonary trunk and when the interventricular 
foramen is finally closed, each of the arteries will be in communication with the corresponding ventricle. 

Reports of truncus arteriosus persistens have appeared from time to time since Buchanan (1864) first 
reported the condition, and Humphreys (1932) has given the best description of the condition. Describing 
one new case she analysed the reported cases up to 1932, and listed the following criteria for the identification. 
of the common arterial trunk. 

(1) The primary requirement is that only one large trunk leaves the base of the heart. 

(2) The arterial trunk must combine the functions of both the aorta and pulmonary trunk, giving off 
the coronary and systemic arteries and supplying blood to the lungs. 

(3) An interventricular septal defect is always present, commonly an opening in the septum of the cardiac 
bulb, i.e. in the inter-aortic septum of Spitzer or the posterior part of the anterior septum of Rokitansky. 

Lev and Saphir (1942) listed the details of 19 cases of truncus arteriosus that had been reported between 
1932 and 1942, and also reported a case of their own. They concluded that most cases of truncus arteriosus 
could be explained as mild to moderate degrees of transposition where there is a combined abnormality in 
the bulbar ridge 3B and the septum aortico-pulmonale trunci. The abnormality in ridge 3B produces an 
abnormality in the absorption of the bulbus resulting in transposition. McGilpin (1950), reporting a 
further case, stated that cases of truncus arteriosus can be separated according to variations in the pul- 
monary blood supply. Vela and Abreu (1955) encountered four cases and outlined the main clinical, radio- 
logical, and electrocardiographic features. 

Carlgren (1959), reviewing the children born in Gothenburg between 1941-50, found the overall incidence 
was 369 cases of congenital heart disease among 58,105 live-born children; these included 5 cases of truncus 
arteriosus, four of whom had died at the time of writing. 
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SUMMARY 


A case is reported which is of interest as it describes a second example of truncus arterio: us 
persistens occurring in two members of the same family. 

The mother had a patent ductus arteriosus and two of her children had a persistent trunc us 
arteriosus. This fact is of considerable interest as there is only one recorded instance in which t vo 
members of the same family both had this congenital lesion. The findings in these cases are in 
agreement with the criteria listed by Humphreys for the identification of a case of common aor o- 
pulmonary trunk. 

A note has been presented on embryology in relation to the common aorto-pulmonary trunk. 


I am indebted to Dr. A. J. Shillitoe and Dr. L. S. Sacker for their advice in preparing this paper. 
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The attacks of increased cyanosis characteristic of severe cases of Fallot’s tetralogy have long 
be n recognized as of ominous prognostic significance. Such attacks, if severe or frequent, have 
be -n regarded as an urgent indication for operation, since the advent of surgical techniques designed 
to increase pulmonary blood flow. 

Reliable medical measures to prevent or to terminate the cyanotic attack have yet to be found. 
In the case of infants and children, Taussig (1948) recommended immediate oxygen administration 
in the knee-chest position and, if this did not at once reduce cyanosis, injection of morphine in the 
dcsage of 1 mg. per 5 kilograms body weight. Taussig did not discuss its mode of action but 
re:arded the effect of morphine as almost specific, and the drug has been generally accepted as the 
proper treatment for the cyanotic attack. 

Relief of cyanosis in Fallot’s tetralogy by cyclopropane anesthesia was reported by Wood 
(1958), but the commonly observed effect of general anesthesia of all sorts in achieving the same 
result suggests that the effect of cyclopropane, and perhaps of morphine also, may be non-specific. 
It is clear, however, that either morphine or general anesthesia effects a diminution of right-to-left 
shunting in this condition. 

Brock (1957) suggested that the mechanism underlying the cyanotic attack is a sudden, transient 
or sustained, increase of tone in the myocardium of the right ventricular outflow tract. Wood 
(1958) offered circumstantial evidence in favour of this explanation and against either a sudden fall 
of peripheral systemic resistance (Hamilton et al., 1950) or a sudden rise of pulmonary vascular 
resistance as common or important factors in the precipitation of the attack. Braudo and Zion 
(1960) restated the hypothesis and the circumstantial evidence in its support. The maintenance 
of normal systemic blood pressure and pulse pressure, the fall of pulmonary arterial pressure, and 
the shortening or disappearance of the pulmonary systolic murmur were all taken to indicate 
increased infundibular obstruction as the cause of the increased cyanosis. 

It may be suggested, therefore, that the common effect of morphine and general anesthesia is 
to relax excessive myocardial tonus, so increasing pulmonary blood flow and decreasing right-to- 
left shunting. It is of interest, in this connection, that during right heart catheterization of patients 
with residual hypertrophic infundibular stenosis after pulmonary valvotomy for simple pulmonary 
stenosis (Johnson, 1959a), no variability of the degree of infundibular stenosis has been noted 
even though each patient had several withdrawal pressure records from pulmonary artery to right 
ventricle. Premedication always included morphine in dosage about | mg. per 5 kilograms body 
weight, given subcutaneously, and this resulted in a stable, basal state throughout the procedure. 

The object of this report is to demonstrate the occurrence of a sudden increase of infundibular 
tone that produced an increase of functional infundibular stenosis during right heart catheterization, 
and to discuss the significance of this observation in relation to cyanotic attacks in children with 


tetralogy of Fallot. 
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CASE REPORT 


A male clerk, aged 21 years, was readmitted to Guy’s Hospital in April 1960 for assessment of the lo ig- 
term result of pulmonary valvotomy performed ten years before. 

From early childhood there had been moderate effort intolerance due to dyspnoea and fatigue. W1 en 
first seen at Guy’s at the age of 11, he had the clinical signs and electrocardiogram (Fig. 1A) of severe r 1l- 
monary stenosis with closed ventricular septum. Chest X-ray showed no cardiac enlargement (c.t.r. 9/22 ci 1.) 





Fic. 1.—Electrocardiograms, (A) at time of pulmonary valvotomy, (B) at time of cardiac catheterization, ten years 
later, when infundibular spasm was observed 


TABLE I 
DATA AT CARDIAC CATHETERIZATIONS 





After operation 























Before | Ten years after 
operation | Three ——— 
months Initially During infundibular 
after | spasm 

Heart rate per minute .. i ee 72 72 
Hemoglobin percentage * sa | 67 68 | 98 98 
Blood O> satn. puneeage q 

Pulm. artery .. “ls ae | 66 | 66 66 65 

Brachial artery oh ah Lo 97 98 95 95 
Cardiac index, I/min./sq.m. .. ds 36 | 3-3 2°6 2-6 
Pressures, mm. Hg from mid-thorax .. | 

Pulm. artery .. 2. a = 22/10 | 24/7 26/9 18/9 

Infundibular .. = ee - | 180/0 b 63/0 53/0 

RV inflow tract a a4 my | 180/0 102/0 67/0 79/0 
Peak systolic gradients, mm. Hg | 

Valvar . ms ‘ : i 158 ? | 37 | 35 

Infundibular .. s a es | 0 ? 4 26 


Total .. ee “e" + os 158 78 41 61 
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but gross dilatation of the main and left pulmonary arteries. Cardiac catheterization (Table I) con- 
fiimed the diagnosis and showed that the stenosis was valvar. Closed transventricular valvotomy was 
p rfomed by Sir Russell Brock, but no pressure records were made during the operation. Three months 
lc er catheterization was repeated. No withdrawal pressure record was made from pulmonary artery to 
r zht ventricle and the residual gradient was assumed to be valvar (Table I). Since operation, exercise 
tc lerance had become normal and for several years he had indulged in vigorous sport. 

On physical examination, he was a slender, rather nervous young man, 5 ft. 10 in. tall and weighing 
| 3 lb. (S56 kg.). Colour was normal and there was no digital clubbing. In the cardiovascular system, 
a ‘erial pulses were normal and regular, and the blood pressure 110/80 mm. There was a jugular venous 
@ vave of 5 cm. above sternal-angle level. The cardiac impulse was normal but there was a faint systolic 
t! illin the pulmonary area. Auscultation revealed a normal first sound; no ejection click; and a pulmonary 
e ction systolic murmur, maximal in the pulmonary area and of grade 3 (out of 4) intensity: it embraced 
ti . aortic component of the second sound. A soft pulmonary component was delayed after A2 by 0-06 
s .in expiration and moved normally with inspiration: it was followed by a short, faint immediate diastolic 
n. rmur. These findings were confirmed by phonocardiography. The cardiogram (Fig. 1B) showed 
e\ ience of considerable residual right ventricular hypertrophy. Chest X-ray (Fig. 2) showed normal or 





Fic. 2.—Teleradiogram, showing the normal-sized heart and 
the dilated left pulmonary artery. 


slightly diminished lung vascularity. Gross dilatation of the pulmonary artery persisted, but there was no 
cardiac enlargement (c.t.r. 11/28-5 cm.). 

Cardiac catheterization was performed with a No. 7 Cournand catheter passed from the left arm, one 
hour after premedication with promethazine hydrochloride, 50 mg. orally, and morphine, 1/6 of a grain 
(10-8 mg.), with hyoscine, 1/150 of a grain (0-45 mg.) subcutaneously injected. In spite of this the patient, 
though quiet and co-operative, was somewhat apprehensive and tense throughout the procedure. Hzmo- 
dynamic findings (Table I) indicated moderate residual valvar stenosis. There was no evidence of any shunt 
in either direction. 


During the initial withdrawal of the catheter from the pulmonary artery through right ventricle 
to right atrium, a valvar peak systolic gradient of 37 mm. Hg was noted. Only a very small gradient 
existed in the infundibular region, and no ectopic beats occurred as the right ventricle was traversed 
(Fig. 3A). Ten minutes later, after completion of pressure recording and blood sampling from all 
Sites, the catheter was again passed to the pulmonary trunk. This time, however, phasic resistance 
to its movement in either direction was encountered in the right ventricular outflow region and this 
persisted after the pulmonary trunk had been entered. The sensation of resistance coincided with 
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Fic. 3.—Continuous pressure records and electrocardiograms made during withdrawal of cardiac 
catheter from pulmonary trunk to right ventricular inflow region, (A) initially and (B) during 
infundibular spasm. 


each ventricular systole. The patient made no complaint when questioned at this time but was 
clearly tense and apprehensive. With the thought that the phenomenon of infundibular spasm was 
being witnessed, a withdrawal pressure record from pulmonary trunk to right ventricular inflow 
tract was repeated at once. The valve gradient was found to be unchanged but now there was in 
addition a substantial infundibular gradient (Fig. 3B., Table I). Infundibular and right ventri- 
cular pressure waves showed the differences previously described as characteristic of functional 
infundibular stenosis due to cristal hypertrophy (Johnson, 19595). Furthermore, there was a 
burst of ventricular ectopic beats as the tip of the catheter passed from the infundibular to the right 
ventricular inflow pressure zone, presumably as it brushed the endocardium of the cristal region which 
was now narrowed by spasm. The heart rate had shown no change and the state of the patient 
otherwise appeared to have remained stable. Oxygen saturation in pulmonary arterial blood at tis 


time was the same as that at the beginning of the procedure, indicating that cardiac output was 
unchanged. 


DISCUSSION 
Such direct evidence of the occurrence of infundibular spasm has not, we think, been publisl 2d 
before and, as it leaves no doubt of the existence of this phenomenon, the challenge to the pharn a- 
cologist and the clinician is clear and impelling. Drugs that increase myocardial tone must 2¢ 
avoided, lest their exhibition may occasionally be responsible for precipitating a cyanotic atta: k, 
and one sought that does not impair rhythmic myocardial contraction yet controls the tonus whi :h 
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is 1 normal part of myocardial activity throughout the cardiac cycle. Excess of this tonus precipi- 
tates the cyanotic attack, and the resulting anoxia of vital centres may lead to systemic circulatory 
co'lapse and death. Thus it is clear that the primary event, namely sudden increase of myocardial 
to:'e, must be the target of medical therapy. It remains, therefore, to determine the cause of this, 
an | a possible explanation comes to mind when one studies a list of circumstances in which cyanotic 
at)}icks are said to occur. Feeding and bowel movement are listed by Taussig (1947); “effort, 
cr: ng, breath-holding or some other transient disturbance” are added by Wood (1956); “‘early 
m: rning, after a good night’s sleep” by Nadas (1957); and “during infections or in the summer 
mn nths” by Keith et al. (1958). All agree with Wood (1956) that attacks “are often capricious 
an unexpected.” The cyanotic attack is well recognized also as a complication of cardiac caihe- 
te: zation in severe cases of Fallot’s tetralogy (Braudo and Zion, 1960). Though Wood (1956) 
ste es that effort may precipitate an attack, Nadas (1957) considers that usually they do not follow 
se’ ‘re exertion. 

it may be conceded that all of these states have in common the likelihood of increased nor- 
ep iephrine secretion by the affected child. The sensations comprising the call to defecation or 
ev. 1 some mild colic may produce, in the infant or child, sufficient stress to result in increased 
no 2pinephrine secretion. Although eating normally produces contentment, difficult feeding or 
dis asteful food may result in anger and frustration: such emotions are associated with increased 
no 2pinephrine production (Elmadjian et a/., 1958). Crying is clearly a manifestation of emotion 
in he child, and breath-holding is usually preceded by screaming and is associated with anger, 
fru tration, anxiety, or fear. The early morning occurrence of cyanotic attacks noted by Nadas 
(157) may be associated with the sudden assumption of the erect posture on waking. Both the 
wa <ing state, as compared with sleeping (Elmadjian et al., 1956), and the erect compared with the 
recumbent posture (Euler et al., 1955) are accompanied by increased norepinephrine secretion. 
Inf-ctions certainly produce conditions of stress, while fever and the heat of the summer months 
have in common the production of mild degrees of systemic hypotension resulting from vasodi- 
latation, and this also is a stimulus to norepinephrine increase (Gellhorn, 1953). The differing 
views expressed regarding precipitation of attacks by effort may be due to the fact that norepine- 
phrine secretion in response to effort depends upon the intensity of effort and not upon its duration 
or total amount (Elmadjian et al., 1958). 

As further evidence of the role of norepinephrine in producing increased myocardial tone, and 
so precipitating cyanotic attacks in these circumstances, may be cited the effects of similar circum- 
stances upon heart volume. Thus, Rushmer ef al. (1959) point out that the cardiac chambers 
are often maximally distended when subjects are reclining and relaxed, while the heart tends to 
grow smaller, not larger, during exercise. Posture also affects heart size, and in animal experiments 
the same authors found that the heart was “something less than maximal size’’ when the animal 
was sitting or standing. They also showed that stimulation of sympathetic nerves to the heart 
produces increased myocardial tension and a reduction in the diastolic dimensions of the heart. 
The neurohormone resulting from sympathetic stimulation is norepinephrine (Peart, 1949; Euler, 
1955). 

Finally, the apparently specific effect of morphine and of cyclopropane anesthesia in this 
condition may be explained on this basis. At the time of Taussig’s (1948) original observation, 
morphine was well recognized as a rapidly effective sedative and analgesic in heart disease. In the 
cyanotic attack, precipitated by circumstances that increase the secretion of norepinephrine, the 
emotional and physical stress of the attack itself will cause further secretion. Thus a vicious 
circle is established: on the present hypothesis, morphine breaks this by its rapid and potent sedative 
effect, and the attack is terminated. Similarly, during induction of general anesthesia there is 
increased sympathetic activity, with increased norepinephrine secretion, in the stage of excitement 
through which the patient must pass (Goodman and Gilman, 1955). With cyclopropane, induction 
is extremely rapid and the stage of excitement correspondingly brief. During a cyanotic attack, 
therefore, aggravation of norepinephrine secretion is minimal when general anesthesia is induced 
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with cyclopropane; and once anesthesia is induced, sympathetic activity and norepineph) ine 
secretion are reduced (Goodman and Gilman, 1955) and the attack is relieved. This effect is c m- 
mon to all general anesthesia, but it is the rapidity of induction and extreme brevity of the stag: of 
excitement that make cyclopropane especially suitable. Furthermore, with its use a much hig ier 
concentration of oxygen can be used during induction than with other anesthetic agents. / ny 
other anesthetic with the same induction qualities, such as fluothane, would probably be effec’ ve 
for this purpose. This, however, was not available when Wood (1958) made his observations on 
cyclopropane and the latter thus appeared specific in its effect at that time. 

In conclusion, therefore, the target of medical therapy for the cyanotic attack is the diminut on 
of sympathetic activity and, more specifically, prevention of increased norepinephrine secreti pn. 
Clearly, exhibition of an antagonist of norepinephrine or of a drug, such as bretylium tosylate or 
guanethidine, to block its production would be ideal, were it not for the fact that these would aso 
cause a fall of systemic vascular resistance and so replace one cause of increased right-to-left shunt.ng 
by another. Thus, it seems, we cannot at present do more than offer guidance to parents, teach rs, 
nurses, and others associated with affected children, so that the emotional and physical situations 
liable to increase norepinephrine secretion may, as far as possible, be avoided. A calm and con- 
fident attitude at home and at school and quiet reassurance with firm but gentle handling at the 
threat or onset of attacks will help to diminish their frequency and severity, while continuous and 
adequate sedation of the child will reduce his emotional reaction to unavoidable upsets. Such 
sedation may indeed be of paramount importance in the medical management of these children, 
in whom time may be needed before elective surgery can be undertaken. 


SUMMARY 
The occurrence of right ventricular infundibular spasm during right heart catheterization has 


been recorded and is now reported. This is thought to confirm the suggestion that cyanotic attacks f 


in Fallot’s tetralogy are due to such spasm. 

The hypothesis that this is precipitated by increase of circulating norepinephrine is put forward 
and evidence is presented in support of this. Prevention and treatment of the cyanotic attack 
are discussed in the light of this hypothesis. ’ 


My thanks are due to Sir Russell Brock, Dr. Maurice Campbell, and Dr. D. C. Deuchar for permission to publish 


details of this case, and to Dr. Charles Baker for helpful criticism during the preparation of this paper. 
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in acquired fistulous communication between the aorta and the right ventricle, caused by 
syp ilitic infection and rupture of an aneurysmal dilation of the right sinus of Valsalva, has been 


| rep: rted by Tompkins (1941). Schuster (1937) made mention of a similar mycotic rupture. Mall 


(19. 2) attributed the giving way of the wall in this region to the presence of a congenital weakness. 
‘he anatomical disposition of the three sinuses of Valsalva in relation to the rest of the heart was 
defi ied by Micks (1940) in his report of unruptured aneurysms of all three sinuses. Rupture of 


| any one of the three sinuses, right, left, or posterior could occur. When the right sinus which is 
| assc ciated with the right coronary artery ruptures, it does so either into the right ventricle or the 
right atrium. The left sinus, associated with the left coronary artery, is related to the pericardial 


sac rather than the ventricular chambers: when it ruptures communication is established with the 
pericardial cavity, and death ensues rapidly through acute compression of the heart. On the other 


» hand, communication with the chambers of the heart or with the adjacent pulmonary artery is 


compatible with life. 


We report here two cases of aortico-ventricular fistule. In one, an obvious rupture, death did 
not ensue until fifteen months after the onset of symptoms. In the other, we suggest that the fistula 
was a primary or persistent congenital one, rather than the giving way of the aortic wall at a later 


| stage of life. Morgan Jones and Langley (1949) in their survey reported the incidence of such 


congenital fistula. An anomalous channel between the aorta and the right ventricle was described 


| by Brown and Burnett (1949): and this was interpreted as an accessory coronary artery. A similar 


interpretation has been given for the communication described by Edwards et al. (1958). 
Case 1. Aman, aged 25 years, was admitted for dyspneea and palpitation of one year’s duration. He was 
well nourished and had been an active athlete till the onset of the symptoms. There was nocyanosis. The 


| pulse was 82 a minute, regular, and of collapsing form; the blood pressure, 130/50. The apex beat was 


thrusting. A continuous thrill was felt over the precordium and a continuous machinery murmur was heard 
over the entire preecordium, both being maximal over the fourth left intercostal space. The lungs were 
clinically normal. The liver and spleen were not palpable. There was no oedema around the ankles. The 
teleradiogram showed the left ventricle enlarged and the lungs plethoric. The electrocardiogram showed 
left ventricular dominance with clockwise rotation of the heart. 

The patient decided to seek treatment in London and was discharged from our care before investigations 
could be completed. An operation was performed in 1958 in London and revealed a rupture of a dilated 
tight sinus of Valsalva with, in addition, a ventricular septal defect. There was no evidence of syphilis or 
endocarditis. The patient died three days after operation. 

Comment. This was a congenital aneurysm of the right sinus of Valsalva which ruptured suddenly at 
the age of 25 years. The aneurysm itself had produced no symptoms prior to its rupture. In fact the patient 
was an athlete. In the case reported by Micks (1940) the aneurysm involved each one of the three sinuses, 
none of which ruptured: he attributed the cause of death to the pressure of the right sinus interfering with 


| the conducting system. The anatomy of this particular sinus indicates that it is closely applied to the upper 
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part of the interventricular septum. One wonders to what extent the lack of physical support due tc the 
defect in the septal region contributed towards the dilatation and eventual rupture of the sinus (Fig. 1) 


Septum Outlet 


membranaceum. 





Fic. 1.—Horizontal section of the heart at the origin of the 
aorta and pulmonary trunk. to show the relation of the 
membranous part of the interventricular septum to the right 
sinus of Valsalva. Case 1. 


Case 2. A girl, aged 2 months, was referred to the Thoracic Unit for investigation of permanent cyanosis 
since birth. She was the fifth in the family, all the other children being normal. The mother had not suffered 
from any infectious disease during the pregnancy. During the last month of her life, the child had had 
repeated attacks of dyspnoea during which the cyanosis deepened. 

On examination, there was cyanosis in the lips, tongue, fingers, and toes, though the extremities were 
warm. The pulse was regular and 120 a minute. The apex beat was felt in the fourth space in the mid- 
clavicular line. No palpable thrills were felt in the precordium or neck. Both heart sounds were heard. 
The second sound in the pulmonary area was single. A high-pitched systolic murmur was heard in the second 
left intercostal space. The breath sounds were normal and no adventitious sounds were heard in the lungs. 
The liver and spleen were not palpable. The hemoglobin was 86 per cent, the white blood count 11,000 per 
cu. mm., with a normal differential count. Radiologically the lung fields were oligemic, and the heart 
moderately enlarged with the right atrium dilated. The ventricular portion had a characteristic shape with 
considerable increase in curvature and slight prominence in the supero-lateral segment indicating that this was 
formed by the left ventricle. 

In the ward the patient had repeated attacks of dyspnoea with increased cyanosis. At this stage of the 
investigation the patient died. 

Necropsy. The heart, great vessels, and lungs were examined. There were minute scattered subperi- 
cardial hemorrhages. The lungs were normal. The heart appeared somewhat larger than normal. The 
aorta was slightly dilated and no dextroposition was observed. The pulmonary trunk was atretic proxi- 
mally, tapering to a fibrous attenuated cord that was loosely connected to the heart surface and easily 
detached. Distally from a point just below its bifurcation, this artery was patent and connected to the aortic 
arch by a patent ductus arteriosus. Considerable hypertrophy of the left ventricular wall was noted with 
moderate dilatation of its cavity. The right ventricle was small and hypoplastic. The infundibular por‘ion 
of this ventricle was not formed and there was no pulmonary lumen in the vicinity of the atretic cord re re- 
senting the pulmonary trunk. The atria were large and there was a large atrial septal defect admitting one 
finger. The mitral orifice was normal. At the tricuspid orifice the valves were well formed though the 
orifice itself was smaller than the mitral. From just below the opening of the right coronary artery in the 
right sinus of Valsalva, a small communication passed through the membranous part of the interventric ilar 
septum to open into the right ventricle (Fig. 2). 

Comment. In the month before death the child had repeated attacks of dyspnoea accompanied by in- 
creased cyanosis. When compared with the previous case, a similar catastrophe suggests itself at  irst 
sight—namely the sudden giving way of the right sinus. There are, however, particular features hat 
counter the possibility of a sudden rupture. Careful observation of the hypoplastic right ventricular ca ‘ity 
failed to demonstrate an occlusive blood clot within it. Evidently blood did circulate through the r ght 
ventricle, the only outlet being the small channel leading into the aorta. The venous blood from the syste nic 
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AORTICO-VENTRICULAR FISTULA: 





Fic. 2.—A probe is shown passing through the fistula be- 
tween the aorta and the right ventricle. Case 2. 


circulation probably entered the right atrium and from this the bulk of it was shunted through the large atrial 
septal defect into the left atrium. From here it passed through the mitral orifice together with the blood 
returning from the lungs via the pulmonary veins. The mixed blood was then pumped by the left ventricle 
into the aorta, some.of which circulated through the lungs via the persistent ductus. Some of the right 
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Fic. 3.—The postulated circulation of the blood in Case 2. 
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atrial blood was likely to have entered the hypoplastic right ventricle through the tricuspid orifice and eft 
it via the only exit already mentioned. Functionally of course this latter circulation could hardly have t »en 
of any significance (Fig. 3). 

The autopsy findings of such a fistula leading from the right ventricle into the aorta coupled with he 
observation that a circulation did occur through this hypoplastic ventricle leaves us no alternative bu to 
infer that this fistula corresponded to a minute defect in the membranous interventricular septum. ~ he 
right ventricular blood was channelled into the aorta through the defect. The left ventricular blood reac ed 
the aorta normally. Distally, the pulmonary arteries were patent and were supplied with blood thro: gh 
the persistent ductus arteriosus. 

Of interest here is also the observation made by Taussig (1947) that ‘‘ defective development of the ri ‘ht 
ventricle is usually associated with tricuspid atresia and the absence of the normal flow of blood from he 
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Fic. 4.—(A) Specimen of the heart and the lungs in situ. Case 2. (B) Line drawing 
of the specimen. R.P.A., right pulmonary artery. L.P.A., left pulmonary artery. 
P.D.A., patent ductus arteriosus. P.V., pulmonary vein. 





right 
mit? 
the 1 
(19 
is tr! 
due 


sin 


No 
the 
det 
ruy 


anc 
sug 
tric 
aor 


ven: 


Abb 

Abb« 
Brow 
Edwz 
Jones 
Mall, 
Mick 


§ Schu: 


Taus: 
Tom] 


ind eft 
ve ten 


‘ith he 
bu to 

“he 
eac. ed 
hro: gh 


1e ri «ht 
om he 











AORTICO-VENTRICULAR FISTULA: 207 


right auricle into the right ventricle.” In this particular case, however, the hypoplastic right ventricle per- 
mitted a flow of blood through it and the tricuspid orifice was well formed and patent, though smaller than 
the mitral one. The shunt in this case was from right to left unlike that in the cases reported by Abbott 
(19 9) and Abbott and Weiss (1928) where it was from left to right. Indeed, in all cases where the condition 
is t: uly acquired and where the pulmonary artery is normal, the shunt must of necessity be from left to right 
due to high pressure in the aorta as compared with that in the right ventricle. In our case the fistula was 
so < nall that there was no interference with conduction, as indicated by the regular pulse. 


SUMMARY 


Ne report here two cases identified as aortico-ventricular fistula. In both the region of the right 
sin s Of Valsalva was involved. 

n the first case there was a rupture and death ensued fifteen months after the onset of symptoms. 
No nfective condition hastened the rupture. A ventricular septal defect was observed in this case at 
the »peration. It is possible that the lack of support to the right aortic wall (Fig. 1) due to the above 
def ct contributed towards the aneurysmal dilatation of that part of the wall and its eventual 
ru; ure. The patient had been an athlete who led an active and strenuous life. 

“he second case was identified as a fistula of congenital origin. Such fistula have been reported 
anc Morgan Jones and Langley (1949) record their incidence in a series of cases. In our case we are 
sug esting that the fistulous communication represents a defective formation of the membranous ven- 
tric lar septum. This of course means that the blood is channelled directly to the neighbouring 
aor ic orifice. 

n this latter case we also point out the existence of a circulation through the hypoplastic right 
veniricle, contrary to the generally accepted view, with a right-to-left shunt. 
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It is known that the electrocardiogram may remain normal in the presence of even a moderate 


to severe degree of hypertension (Dawber ef al., 1952; Evans, 1957; and Simpson, 1960). ‘he ff 
purpose of this study is to determine how frequently electrocardiographic evidence of left venitri- 
cular hypertrophy occurs in hypertensive patients and to note the most useful cardiographic findings [ 
indicative of left ventricular hypertrophy. At the outset, therefore, it is important to define normal f 


blood pressure and this is exceedingly difficult. Bee et al. (1957) in their study of the population of f 


Bergen found they could establish a blood pressure pattern for a city population but their distribution 
curve did not enable them to determine where normal blood pressure levels according to age ceased 
and pathological hypertension began. This was also the experience of Master et al. (1950) in an 
earlier study of an industrial population. For our purposes we have chosen 160 and 95 mm. Hg 


systolic and diastolic pressures respectively as the upper limit of normality but, as there is no sharp : 
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division between clearly normal and clearly abnormal levels of blood pressure, this figure must be f 
| Norm 


arbitrary. ; 


MATERIAL AND METHODS 


A group of 118 men and 215 women over the age of 40 years with a blood pressure over f 
160/95 mm. Hg was studied. The pressures were recorded with the patients at rest and the lowest of 
multiple readings was used, the diastolic pressure being taken at the junction between phases III and F 


IV, i.e. the point at which the sounds abruptly fade (Pickering, 1955). None of the patients were in 


cardiac failure and none had any cardiac disease that might confuse the electrocardiographic f 
pattern of left ventricular hypertrophy. Overweight patients (more than 10 per cent of expected 


weight for their sex, age, and height) were excluded from the study because of the equivocal value of 
their blood pressure readings. The patients were subdivided according to the height of the blood f 
pressure as shown in Table I, those with a blood pressure over 160/95 up to 190/105 forming Group — 


A, those with one over 190/105 up to 220/130 forming Group B, and those with one cver 


220/130 mm. Group C. When either the systolic or diastolic pressure alone exceeded the limit 


for the group, the diastolic reading was used as the deciding figure. 


Conventional twelve-lead electrocardiograms were recorded. These included three limb le: ds, 


three augmented unipolar leads, and six unipolar precordial leads (Criteria Committee of the Mew f 


York Heart Association, 1955; Goldberger, 1942). The criteria of left ventricular hypertro hy 
used were based on those described by Sokolow and Lyon (1949). The following abnormal ties 
were recorded, the first three being generally accepted. 


(1) Depression of S-T segments or low, flat, diphasic, or inverted T waves in the stanc ard 


limb leads and V5 or V6. 
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(2) R waves in leads V5 or V6 exceeding 26 mm. and the sum of the R wave in V5 and the S 
wave in V1 exceeding 35 mm. 
3) Delayed onset of the intrinsicoid deflection in the leads V5 or V6. 


4) The incidence of left axis deviation, i.e. when the algebraic sum of Q, R, and S was positive 
in | ad I and negative in lead III. 


5) Left bundle-branch block, when the QRS interval in V6 was 0-12 sec. or more. 
5) The amplitude of the S wave in V1, over 15 mm. being regarded as abnormal. 


TABLE I 
ELECTROCARDIOGRAPHIC FINDINGS IN CLINICAL HYPERTENSION 












































Men Women 

— “All men A | B | ¢ wl a |e | ¢ 
SI lepression in V5 and V6 “e a a | 21 | 11 | 23 | 44 | 21 23 | 20 | 18 
| Tw ve changes | 33 | 36 | 56 | 79 | 29 | 28 | 26 | 44 
Ri VSorV6>26mm. ..  .. .. .. | 26 | 16 | 27 | 57 | 15 8 | 17 | 30 
Sin VI+RinVSorV6>35mm... .. .. | 13 | 5 | 15 | 2 | 0 | 6 | 9 | 26 
| Del: yed intrinsicoid defiection } 14 | 10 | 2/12 /| 7 | 0 | 10 | 2 
L.A. deviation ae eo a oo eee. a eae eae 
) L.B.B.Block BeBwee se he Se 
hvstan . «ow a fee eT OTe ee Tei ee 
Normal electrocardiogram .. .. .. .. | 22 | 25 | 25 | 0 | 26 | 28 | 26 | 2 





The incidence of electrocardiographic changes is expressed as the percentage with the abnormality, arranged 
according to sex and blood pressure grouping in 333 patients (118 men and 215 women). 

Group A (44 men and 86 women) had blood pressures over 160/95 to 190/105, group B (60 men and 102 women) 
had pressures over 190/105 to 220/130, and Group C (14 men and 27 women) pressures over 220/130 mm. Hg. 


FINDINGS IN OUR PATIENTS 
Table I shows that in both sexes electrocardiographic changes directly attributable to left ventri- 


cular hypertrophy were most frequent in the group with the highest blood pressure. 


S-T depression in V5 or V6 was present in about a fifth of the total number of patients. T 
wave abnormalities occurred in almost half, and were more common in the severe grades of 
hypertension, especially in men. 

A high voltage R in V5 and 6 was present in 26 per cent of men and 15 per cent of women, but 
in patients with severe hypertension (viz. Group C), it was seen in 57 per cent of the men and 


more than 35 mm. were obtained by adding the amplitude of S in V1 to R in V5 or V6. 

Delay of more than 0-05 sec. in the onset of the intrinsicoid deflection in V5 and V6 occurred 
in about 10 per cent of patients. 

Left axis deviation was usually present in patients with the higher ranges of blood pressure. 
115 of 140 women and 43 of 54 men with left axis deviation had a horizontal heart position cardio- 
graphically. 

Left bundle-branch block was present in 8 men and 5 women, and was more common in the 


higher grades of hypertension in men. 
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A deep S in V1 was present in 32 per cent of men and 33 per cent of women; of patient; in 
the group with the highest blood pressure a deep S in V1 was present in the electrocardiogram of 
50 per cent of men and 59 per cent of women. 





| 


Vs 


Fic. 1.—Electrocardiogram of patient with B amg hyper- 
tension (B.P. 220/130 mm.). A deep S in V1 is the 
most obvious electrocardiographic sign suggesting left 
ventricular enlargement, as in many patients. 


DISCUSSION 


Approximately 25 per cent of all patients in this series had normal electrocardiograms. It as 
only in the group of men with blood pressures of 220/130 mm. Hg, or more, that normal recc “ds 
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were absent, and this is in keeping with the more eventful clinical course of severe hypertension in 
mei compared with women. Selzer et al. (1958) and Scott (1960) found that the electrocardiogram 
gave a reasonably accurate picture of left ventricular hypertrophy, as later verified at autopsy. It 
wold seem, therefore, that the group with normal records may represent a relatively benign form 
of |\ypertension without cardiac enlargement, which Evans would prefer to call hypertonia. More- 
over, the difficulty in defining the difference between normal blood pressure and hypertensive levels 
has been emphasized. 

Che classical cardiographic changes of left ventricular hypertrophy may be difficult to recognize 
in 1e greatly enlarged or transverse type of heart. In these patients the record obtained at V5 
anc V6 will not record the maximum electrical events due to the left ventricle as the transition 
zo1 2 is displaced to the left. For the same reason the voltage of R in V6 and the sum total of S in 
V1 and R in V6 will also tend to be too low, and the intrinsicoid deflection will not be delayed. 
Wi ;on et al. (1944) and Sokolow and Lyon (1949) found delayed intrinsicoid deflection in left 
ver ricular surface leads in a high proportion of their patients with left ventricular hypertrophy 
but they did not relate these findings to the heart size and position. A deep S in V1 will more 
acc irately measure left ventricular depolarization, since it is known that hypertrophy of the left 
ver_ricle will open the spatial QRS loop of the vectorcardiogram and create a prominent posterior 
cor ponent during the last half of the QRS cycle. The electrocardiogram will record depolarization 
in {ais region as a deep S wave in VI and V2 (Lamb, 1957). 

eft axis deviation occurred more frequently in the patients with higher ranges of blood pressure, 
bei::g usually related to horizontal cardiographic heart position and accompanied by other criteria of 
left ventricular hypertrophy. This is not necessarily inconsistent with Grant’s (1956) view that 
marked left axis deviation is caused by an alteration in the direction of QRS forces due to a left 
bundle-branch conduction defect with normal QRS duration. 

Left bundle-branch block is probably not simply an expression of delay in depolarization over 
the left ventricle (Rasmussen and Moe, 1948) although in this series in men it was more frequent 
in the higher ranges of blood pressure than in minor degrees of hypertension. 

S-T segment and T wave changes in the presence of left ventricular hypertrophy are largely due 
to alteration in the process of ventricular repolarization (Wilson et al., 1944). However, the rela- 
tively large number of patients with T wave changes over the left ventricular surface leads, parti- 
cularly in the more severely hypertensive men, would suggest myocardial ischemia as a possible 
contributory factor. Bridges et al. (1946) and Leishman (1951) reported reversal of T wave changes 
to normal following sympathectomy for hypertension. Leishman (1951) suggested a relative 
ischemia of the enlarged cardiac muscle fibres as the cause of the changes, in addition to coronary 
atherosclerosis, and this was confirmed by the concurrent decrease in heart size reported in some of 
their cases. 


Ss © = 


SUMMARY AND CONCLUSIONS 


The 12-lead electrocardiograms of 333 hypertensive subjects over the age of 40 years were studied. 
Six parameters of the electrocardiographic diagnosis of left ventricular hypertrophy were examined 
and the changes were related to the height of the blood pressure in these patients. The abnormalities 
indicating left ventricular hypertrophy were more common in the higher grades of hypertension. 

Approximately 25 per cent of subjects with raised blood pressure were found to have none of 
these criteria for the diagnosis of left ventricular hypertrophy and may represent in this respect a 
benign form of hypertension or hypertonia. 

The most useful findings in the diagnosis of left ventricular hypertrophy in the twelve-lead 
electrocardiogram appeared to be left axis deviation, T wave changes in the standard limb leads and 
V5 or V6, and a deep S of more than 15 mm. amplitude in V1. 


We wish to thank Dr. Frances Gardner for her advice and for her criticism of this work. 
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THE THIRD EUROPEAN CONGRESS OF CARDIOLOGY 


n the spacious halls of the Palazzo dei Congressi, the Third European Congress of Cardiology 
wa opened in Rome on September 18, 1960. It was a memorable and impressive gathering for the 
gre t numbers of cardiologists, many with their wives, who had converged upon Rome in weather 
the wasat first oppressively warm. At the Opening Ceremony, addresses were given by the Principal 
of i ie University of Rome; by Dr. Evan Bedford, the President of the European Society; by Professor 
Gu tav Nylin; and by Professor Luigi Condorelli, the President of the Congress. Three dis- 
tin; uished non-European visitors also spoke: Dr. Paul White, Professor Ignacio Chavez, and Dr. 
J. 1.. Maddox. 

The ever-increasing interest in cardiology and its widening medical and social influence was 
refl cted in the attendance, which has increased with each Congress since the First European meeting 
in |.ondon in 1952. Cardiologists arrived from 25 European countries and the world-wide attrac- 
tio:. that such a meeting exercises was shown by the attendance of representatives from 16 non- 
Eui opean countries, including many notable figures from the U.S.A. It was encouraging to receive 
visiors from the U.S.S.R., Poland, Czechoslovakia, and Hungary. 

The task faced by the organizers of the congress was no light one when the standards of excel- 


» lence set by the preceding congresses are remembered. Professor Condorelli’s achievement in 


planning and co-ordinating all the activities, scientific and social, of perhaps 1500 visitors is there- 
forearemarkable one. Naturally Dr. Vittorio Puddu, as Secretary General, and Dr. Antonio Strano 
as Secretary have borne an important share of the administrative work. The Congress owes to 
Mrs. Condorelli and her Committee a debt of gratitude for the excellence of the arrangements 


| made for sight seeing and for the many social occasions that added so much to the enjoyment of the 


visit to Rome. 
One of the most difficult problems that has to be met by the organizing body of such a congress 
is the great number of communications which necessitate the concurrent use of several halls (five 


| at Rome). Members had necessarily to choose certain sections to the exclusion of several others. 


This difficulty was met as well as possible in the circumstances by grouping papers in particular 
categories, but leaving the discussions on each paper till the end of the session and the irregular timing 
owing to the speakers who failed to turn up lost us some of this advantage. The solution for the 
future, as the meetings increase even more in size, must be limitation in the number of papers 
accepted. To try to enumerate the subjects dealt with at the sessions would be to cover the whole 


| field of cardiology, but perhaps the symposia on coronary circulation, extra-corporeal circulation, 


cardio-respiratory insufficiency, and the etiology of congenital heart disease, should receive special 


' mention. Ina masterly lecture, Evan Bedford surveyed the history of clinical cardiology, and upon 


this he based his plea that elaborate methods of investigation must supplement and never replace basic 
clinical methods. The challenging address by Professor Lenégre dealt with the problems to be 


| faced in developing cardiological research and teaching; lack of uniformity in pathological and 


pharmacological terms remained an obstacle; he was concerned also with the social impact of 


| cardiology and the bearing of Congresses upon the World Health Organization. Professor 


Condorelli reviewed the vast field of sensitivity of the vascular apparatus and the mechanisms by which 
these control the circulation. Later, on the last morning, he brought the Congress to a close with 
an address of philosophic distinction and moving eloquence. 

At the General Assembly of the European Society of Cardiology recommendations were made 
about the officers of the Society and these were later confirmed at the final session. On the 
213 
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retirement of Evan Bedford from the Presidency, Lenégre was unanimously elected to succeed h m. 
Van Dooren and Mahaim were re-elected with acclaim as Secretary-General and Treasurer rest >c- 
tively. As Members of the Council to represent Great Britain, Shirley Smith and Mounsey w :re 
elected. It was decided that the Fourth European Congress of Cardiology should be held in Pra; ue 
in 1964. 

The social occasions of this Congress will not readily be forgotten. Fabulous ancient buildi. gs 
and open-air terraces, museums and galleries of ageless antiquity, stately cloisters and statuary, < ad 
formal gardens with illuminated fountains are among many kaleidoscopic recollections, not to 
mention the refreshments and the gay throngs in the warm Roman night. 

The Congress of 1960 now fades into the past with its memories of old friendships renewed znd 
new friendships begun. To all it must have brought stimulating thought and experiences. Mc-e- 
over, it cannot be doubted that through the innumerable international contacts encouraged by ‘he 
scientific and social life of the Congress, greater mutual understanding and wisdom and goodv.ill 
must be generated among the participants. All are working towards the same ends—the alleviation 
of heart disease and the furtherance of the science of cardiology. 
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CHARLES LAUBRY 


1872-1960 


>rofessor Charles Laubry died in his country house at Flogny on August 11, 1960, at the age 
of 7. It is difficult to convey, to those who never knew him personally, an adequate idea of the 
ma . himself, of the extraordinary hold that his personality exercised over those around him, and 
of ‘ 1e great affection and admiration with which he was universally regarded. 

3orn at Saint-Florentin on November 11, 1872 he devoted several years to classical studies 
bef re starting on a medical career in Paris. He became externe des Hépitaux in 1894, and interne 
des Hépitaux under Achard in 1899. It was during his internat at the Saint-Antoine Hospital that 
he : rst came under the influence of Vaquez, with whom he worked continuously from 1904 to 1921, 
in company of such men as Clerc, Esmein, Bordet, Aubertin, Lecomte, Giroux, Heitz, Donzelot, 
anc Pezzi, to mention but a few of his associates in Vaquez’ clinic. Nominated Médicin des 
H6pitaux in 1911, he did not obtain his own independent hospital service until about 1921, and 
after several moves he finally settled, in 1925, at the old Broussais Hospital, an ancient building in 
the south of Paris. By this time, he had published with Pezzi the Traité des Maladies Congenitales 
du Ceur, described by Maude Abbott as a great clinico-pathological treatise, and his Legons de 
Sémiologie Cardiovasculaire, perhaps his most characteristic work, of which one might truly say 
le style est homme méme. 

Already a teacher of repute in Vaquez’ clinic, Laubry now rose to his full stature as a brilliant 
and outstanding chef d’école. The easy charm of his personality cast its spell on all around him 
and his clinic became a happy and united family of devoted disciples, and before long one of the 
foremost cardiological centres in Europe. 

In 1926, when I spent an all too short time at the old Broussais, I was welcomed in most friendly 
fashion into his family circle which at that time included Routier, Walser, Chaperon, Deglaude, 
and Thomas. Cardiovascular radiology was one of their major interests, and Chaperon was 
developing the technique of radio-opaque injection of the various heart cavities and great vessels 
in situ in the cadaver, later continued by Routier and Heim de Balsac; and this work was eventually 
incorporated in their monumental Radiologie clinique du Caur et des gros Vaisseux published in 
two volumes in 1939. Other interests included the pathology of the pulmonary artery to which 
Thomas devoted his thesis in 1927; myocardie a very personal conception that Laubry developed 
with Walser; the ventricular complex in myocardial disease on which Deglaude was working, and 
of course gallop rhythm on which subject Laubry and Pezzi wrote a well-known monograph in 
1926: this was the subject also of his St. Cyres Lecture in London in 1937. The driving force 
behind all these research activities was the dynamic personality of the Patron, and watching over 
them was the eagle eye of Daniel Routier who saw to it that the laws of science were strictly followed. 

As a physician, Laubry was a supreme exponent of the Hippocratic art and his humanity, 
sympathy, and understanding of mankind inspired confidence and affection in every kind of patient 
from Clemenceau to the most humble and illiterate inmate of the Broussais. No matter how 
trivial or how serious the illness, Laubry’s presence at the bedside had a magical effect in calming 
anxiety and dispelling fear. To him, medicine was a part of life and demanded a knowledge of the 
complete patient, his body, his mind, and his heart. 

He had little taste for the formal lecture, but as a clinical teacher in the wards or with out- 
patients he was unsurpassed. The alert mind, the happy facility of speech, the vivacity and spirit 
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of gaiety captivated his audience and there was never a dull moment during his rounds. He liked 
ncthing better than to provoke discussion amongst his assistants and when he crossed swords with 
th: redoubtable Routier, a sparkling debate would ensue in which Walser would counter the most 
ve 1ement assertions of his colleague with impassive calm. Such was the école Broussais in 1926, 
and such were the three men whom Lenégre has aptly called Ja Trinité de la Cardiologie Frangaise. 

Never a professeur agrégé, Laubry was not normally eligible for a professorial chair, but in order 
to retain his services a Chair of Clinical Cardiology was specially created for him in 1936. In the 
sa ne year, the death of Vaquez left him the undisputed leader of French cardiology and he lost no 
tir ie in re-organizing the Archives des Maladies du Ceur, and in founding the Société frangaise de 
rdiologie of which he was elected the first president with Clerc and Gallavardin as Vice-Presidents. 
The War inevitably restricted his activities but the Archives and the Society were kept in being 
ar 1, with Soulié, he wrote an important book on coronary artery disease published in 1943, with a 
se ond edition in 1950. In 1942, Laubry retired from his hospital and professorial duties, occupying 
hi leisure in studying the Latin texts of Harvey’s work and in 1950, he published an original trans- 
la’ on of Harvey, prefaced by a historical introduction to the discovery of the circulation (Keynes, 
29 7). 

In 1941, the following notice appeared in a Swiss medical journal—ZJn Nantes verstarb der bekannte 
H. rzspezialist Prof. Laubry. News of his death spread outside occupied Europe, and an obituary 
nc tice was published in the British Heart Journal (1941, 3, 145). At a memorable reunion at the 
Avenue Victor Hugo shortly after the War, I presented him with a copy of this notice, which he 
received most favourably remarking at once that it implied the best possible prognosis; and so 
happily it proved. 

Aged over 70, when the War ended, Laubry took up the reins of leadership with undiminished 
vigour, attending the Cardiological Congress in Mexico in 1946, the International Conference of 
Physicians in London in 1947, and taking part in the foundation of the European Society of Cardio- 
logy in Brussels in 1948. In 1950, he organized the first World Congress of Cardiology in Paris 
where he was unanimously elected first President of the newly formed International Society of 
Cardiology. 

On his 80th birthday, colleagues from many countries presented him with a bound volume 
containing their greetings and good wishes, which gave him great pleasure; and the following 
year he was elected a Fellow of the Royal College of Physicians. Aged over 80, he journeyed to 
Washington to attend the second World Congress of Cardiology, where Sir John Parkinson delivered 
the Laubry Lecture in his honour, appropriately entitled Leadership in Cardiology. 

During his later years, Laubry viewed with some concern our increasing preoccupation with 
complicated technical investigations. He saw Cardiology in danger of becoming separated from 
Medicine, of forsaking the bedside for the laboratory, and of replacing clinical wisdom with the 
decimals of science. He feared that scientific curiosity generated from the laboratory might trans- 
gress the fundamental laws of Hippocratic medicine. He was in no way opposed to technical 
procedures as such, but he saw them as no more than means to an end, and means that should be 
employed with discrimination under /a haute surveillance de la clinique. 1t may well be that, when 
viewed in the perspective of history, his warnings will not be judged out of place. 

When I called on Charles Laubry at the Avenue Victor Hugo for the last time, a few months 
before he died, I found that age had at last carved its inevitable mark on him, but once we got 
talking, his old vivacity returned and the mellow tones of his voice flowed as rapidly as ever, while 
he regaled me with anecdotes in his best style. Though he had long ceased to practise, old patients 
still called to confide in him and to find comfort in his sympathy and wisdom. He felt, however, 
that his task had been completed and that there was nothing more for him to do. After half a 
century of teaching Cardiology in Paris, he had lived to see his pupils become senior teachers in 
their turn. In the hands of such men as Lenégre, Soulié, Doumer, Heim de Balsac, Lequime, Van 
Bogaert, Agostoni, Puddu, Grossi, and his friend Chavez, to mention only a few, he felt that the 
torch of clinical cardiology would continue to burn brightly and he was content. 
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When his final illness came, he died and was buried quietly as he wished, in his native land >f 
Burgundy which he loved so much. In the course of his long career, Laubry received many honot rs 
and distinctions, and his innumerable scientific contributions have left their mark on the cardiolo y 
of his day, but his pupils and friends will remember him not so much for what he did as for what ce 
was, a great physician, an inspiring teacher, and a most lovable man. 


D. EVAN BEDFOR ) 


Publications 


Charles Laubry published several hundreds of papers and reports, and we have thought it best to indicate his main intere. ts 
over a wide field by a list of his published books. 


1921 (With Pezzi, C.). Traité des Maladies congénitales du Ceur. Paris. 

1924 Legons de Sémiologie Cardio-vasculaire. Les Troubles fonctionnels. Paris. 

1925 (With Mougeot, A., and Walser, J.). Les Syndromes d’ Aortite postérieure. Paris. 

1926 (With Pezzi, C.). Les Rhythmes de Galop. Paris. 

1930 With Routier, D., Walser, J., and Doumer, E.). Traité des Maladies du Ceur et des Vaisseaux. Paris. 

1935 Collection des Initiation Médicales-Appareil Circulatoire. Paris. 2nd edition, 1941. 

1939 (With Cottenot, P., Routier, D., and Heim de Balsac, R.). Radiologie Clinique du Ceur et des gros Vaisseaux. 
2 volumes. Paris. 

1943 (With Soulié, P.). Les Maladies des Coronaires. L’Infarctus du Myocarde. L’insuffisance coronarienne. 
Paris. 2nd edition, 1950. 

1950 Guillaume Harvey. Etude Anatomique du Mouvement du Ceur et du Sang chez les Animaux. Apergu historique 
et Traduction francaise. Paris. 
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CASE REPORTS 
CALCIFICATION OF THE MYOCARDIUM OF A YOUNG WOMAN 
BY 
J. M. BARBER AND F. M. MURPHY 


From the North Down Hospitals Group, Newtownards, Co Down 


Calcification has been described in the heart valves, coronary arteries, and pericardium, but when 
it nvolves the myocardium it is usually in the site of an old infarction. In this patient we were 
ur ible to establish the precise cause for the myocardial calcification. 


Case Report 


The patient was a married woman of 21 years who complained of occasional left sub-mammary pain, 
sh rp in character and very short in duration. She also stated that she suffered from a lack of energy 
alt ,xough her history showed that she was quite an active person. There did not appear to be any exertional 
dy :pnoea and there was certainly no angina pectoris. 

Her past history was that she had diphtheria while a child of 6 months in Germany. At the age of 14 she 
wes in hospital for two months when she had pain in the right flank, and was told that she had a stone in her 
rig ht kidney: there was no operative interference and she has had no recurrence of renal symptoms. While 
en ployed in a hospital at the age of 16 a routine X-ray examination showed calcification in the region of the 
heart. She had one child, a healthy boy of 18 months, with no complication during the pregnancy. 





A 

Fic. 1.—{A) Postero-anterior film of chest showing calcified lesion at apex of left ventricle. (B) Right anterio- 
oblique fiim. 
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The patient’s mother is alive and well. Her father died in his late fifties from pulmonary tuberculo is, 
There is one sister who has had recurrent trouble with renal stones for which she had a nephrectomy. 

On clinical examination the patient looked very healthy indeed. The venous pressure was normal, so 
were the peripheral pulses. Her B.P. was 110/60. The heart sounds were normal, there were no murm_t°s, 
and she was in sinus rhythm. Clinical examination of the lungs, abdomen, and central nervous syst m 
showed no abnormality. On screening a plaque of calcium was noted in the wall of the left ventricle n ar 
the apex, and this was well shown in chest films (Fig. 1). A chest film taken when the patient was sixtc 2n 
years of age showed the same lesion. Cardiac pulsation and contour were normal and the lung fields w: re 
clear. The electrocardiogram showed normal rhythm and a QS deflection with biphasic T wave in \ 4, 
indicating a transmural lesion in the wall of the left ventricle (Fig. 2). 


| - 3 
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Wn yn 
Fic. 2.—Electrocardiogram, showing T wave changes and QS deflection in V4. 


Serum calcium was 10-8 mg., inorganic phosphatase 3-9 mg., alkaline phosphatase 7-5 King and Arm- 
strong units, cholesterol 270 mg., blood urea 16 mg., all per 100 ml. Straight X-rays of the kidneys revealed 
no calcification. An intravenous pyelogram was normal. Dye and complement fixation tests for toxo- 
plasmosis were negative. There was nothing abnormal on clinical examination of the urine. The Mantoux 
reaction was positive 1/10,000. 


Discussion 


We have been unable to find any reported case with myocardial calcification in this age group. 
Mathewson (1955) described five apparently healthy persons with striking pericardial calcification 
and other reports of this type have appeared from time to time. None of these cases has shown 
electrocardiographic evidence of a transmural injury. 


Summary 


A young woman is described, in whom a calcified transmural scar is present in the wall of the let 
ventricle. This had been present when she was sixteen years old. 

It seems unlikely that diphtheria in infancy could have caused this lesion: probably it was tle 
result of some inflammatory process, such as tuberculosis. 


y isa pleasure to record our thanks to Dr. H. Gaus, Stadtische Krankenanstalten, Delmenhorst, for details of t 1e 
clinical condition in 1956, to Dr. G. U. Thomas for radiological help, to Mr. R. G. Wood for the photographs, ar d 
to Miss J. Fletcher for clerical assistance. 


Reference 


Matthewson, F. A. L. (1955). Circulation, 12, 44. 
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AN UNUSUAL ATRIAL RHYTHM WITH VARYING A-V BLOCK 
BY 


C. P. ABER* 
From the Liverpool Royal Infirmary 


Che following report concerns a most unusual type of supraventricular rhythm associated with 
a \ iriation in A-V conduction, in an apparently normal heart. It is believed that no similar case 
has hitherto been reported. 

The occurrence of paroxysmal supraventricular tachycardia with A-V block is well known. In 
19/9 Sir Thomas Lewis demonstrated this type of arrhythmia with a polygraph (1925). In 1925 
Sp: ague and White reported three further cases in their review of 56 patients with paroxysmal tachy- 
cardia: one of these had A-V block that varied between from 1:1, 3:2, 2:1, or 3:1, with atrial 
rat2s of 200-270 a minute and there seemed no relationship between the atrial rate and degree of 
block observed. A further case in their series had A-V block of the Wenckebach type appearing 
on.y after exercise. Geraudel (1937) reported a 63-year-old man whom he had observed for 
five years with varying supraventricular tachycardia; he at times showed 2:1 block or a Wencke- 
bach type of block with an atrial rate of 172 a minute. Maddox (1937) studied a patient with a 
persistent atrial rate of 160 a minute and demonstrated the effects of carotid sinus compression and 
intravenous digoxin in producing a Wenckebach type of block; he also noted the effects of postural 
changes on this type of tachycardia, producing a reduction of the ventricular rate to 56 a minute, 
with a 3:1 block, by putting the patient in a recumbent position. 

Parkinson and Papp (1947) collected 40 cases of “repetitive paroxysmal tachycardia,” 16 of 
which showed the supraventricular type of rhythm with atrial rates of 160-300 a minute; in 
seven of these, varying degrees of A-V block were present. Scherf and Harris (1946) described 31 
cases of “coronary sinus rhythm,” in which the P wave of the sinus beat suddenly changed to an 
abnormal form without any change in the rate. The diagnosis of this type of rhythm depends 
upon the presence in leads II and III of P waves that are inverted and often sharply peaked: 
the P-R interval is usually normal or less than normal. No case with A-V block was observed in 
their series. 

That all varieties of supraventricular rhythm may exist, either at the same time or at varying 
times in the same patient, is now well proven, and there is ample evidence that these arrhythmias 
depend on a similar mechanism of production, reflecting the presence and behaviour of ectopic irrit- 
able atrial foci. Fig 1 reveals this type of variation in the same subject. Paroxysmal supra- 
ventricular tachycardia with or without conduction block is alleged to occur most frequently in the 
absence of organic heart disease, or as the result of administration of digitalis in heart disease 
(Geraudel, 1937; Barker et al., 1943; Spritz et a/., 1958). Decherd et al. (1943) believed that the 
presence of such a tachycardia with A-V block indicated underlying myocardial damage in most 
instances. In reviewing 40 patients with this type of arrhythmia they found only two cases in which 
there appeared to be no pathological heart lesion: both, however, had received varying quantities of 
digitalis prior to the onset of the conduction block. In repetitive supraventricular tachycardia, no 
evidence of organic heart disease was observed (Parkinson and Papp, 1947). With coronary sinus 
thythm the presence of ischemic or hypertensive heart disease is common (Scherf and Harris, 
1946). 

* At present Senior Medical Registrar, Thoracic Unit, Broadgreen Hospital, Liverpool. 
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Fic. 1.—(A) Normal rhythm; (B) paroxysmal tachycardia without conduction block; (C) paroxysmal tachycardia 
with 2:1 A-V block. 


Case Report 


A 23-year-old East African was observed on routine medical examination to have a grossly irregular 
pulse. There was no history of previous or recent ill health, nor was he known to have received either 
“‘herbs” or medications. He had been a first-class athlete all his life and when examined was completely 
symptom free. 

Clinical examination showed an apparently healthy and well-nourished young man. Cardiovascular 
examination confirmed the presence of a grossly irregular peripheral pulse, which varied in both rhythm 
and rate during the course of the examination, phases of regular rhythm at 75 a minute alternating with 
phases of relative tachycardia (100-104 a minute) during which dropped beats were periodically observed. 
Isolated ‘‘a’ waves were sometimes visible in his jugular venous pulse, these coinciding with a phase of 
relative tachycardia, and preceding each dropped beat. There were no clinical signs of cardiac enlargem:nt 
and the apical impulse was normal. No evidence of heart failure was present. The quality of the first 
heart sound varied during the phases of relative tachycardia, and at times, also during a period of taciiy- 
cardia, a mid-diastolic triple rhythm appeared; on other occasions, despite this relative tachycardia, no sich 
sound was audible, and at these times the dropped beats were more frequent. Carotid compression seen ed 
to decrease the frequency of the intermissions, without affecting the rate appreciably. The blood press ire 
was 140/75. No other abnormalities were detected in the cardiovascular, respiratory, alimentary, and cen‘ <al 
nervous systems. 

Clinical interpretation of this arrhythmia was difficult, but the presence of isolated “‘a” waves and _ he 
changing quality of the first heart sound in association with the dropped beats made the diagnosis of Wenc <e- 
bach phenomenon seem likely. To study this arrhythmia a continuous electrocardiographic record vas 
taken during one examination (Fig. 2). 
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Fic. 2.—All traces standard lead II. (A) shows a Wenckebach type of block with P-R intervals 0-12-0-2 sec. at an 
atrial rate of 100+14 a minute with bifid P waves (P1); (B) and (C) the effects of carotid compression (between 
arrows); (D) demonstrates an abrupt change of rhythm (+) to a regular sinus pattern (rate 75 a minute) with 
normal P waves (P2) and a constant P-R interval 0-15 sec.; (E) return of the abnormal atrial rhythm with 
the P-R interval increasing to 0-4 sec. without dropped beats (rate 100 a minute); (F) further rhythm change (+ ) 
from the normal sinus to the atrial rhythm, with return of the Wenckebach type of block at a maximum 
P-R interval of 0-2 sec.; (G) the P waves (P1) and the preceding T waves are submerged, with prolongation of P-R 
interval (0-4-0-44 sec.) (at which time the triple rhythm was evident). Later there is a return of the Wenckebach 
block and decrease in the P-R interval (with disappearance of the triple rhythm). No significant effects resulted 
from exercise, postural changes, atropine, quinidine, or digitalis administration. 


The following investigations were made and all gave normal or negative results. Full blood count, 
erythrocyte sedimentation rate (Westergren), serum W. R. and Kahn reactions, gonococcal complement 
fixation test, Widal agglutination reactions, toxoplasmosis and histoplasmosis complement fixation, plasma 
proteins, and electrophoretic pattern. No L.E. cells were seen in the peripheral blood. X-ray films and 
radiographic examinations of the chest and heart gave normal results. 


Comment 


The electrocardiograms reveal a paroxysmal abnormal atrial rhythm with a marked variation in 
A-V block. The features of special interest in this case are (i) that an abnormal atrial arrhythmia 
was present in association with varying grades of A-V block in the absence of evidence of 
organic heart disease; (ii) that this arrhythmia should exist with an atrial rate as low as 90-100 
aminute, which is unusual, though short runs of paroxysmal atrial tachycardia at this rate are des- 
cribed (Prinzmetal et a/., 1952), but not with an accompanying A-V block; (iii) that contrary to the 
described effects of carotid sinus compression in A-V block, namely, of increasing or inducing such 
a block (Wood, 1957), here the effect was the reverse (Cordeiro, 1953); (iv) furthermore, no change in 
thythm was observed with exercise, atropine, etc., unlike the findings in coronary sinus rhythm 
(Scherf and Harris, 1946). 
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The particular interest in this case is that in a patient with a changing heart rhythm (but with out 
an appreciable tachycardia) phases occurred during which the presence of isolated “a” waves in he 
jugular venous pulse in association with dropped beats suggested the presence of a Wenckeb ch 
block; further, at other times (again without appreciable change in rate) these signs disappeared . nd 
a mid-diastolic triple rhythm became audible, suggesting a summation gallop. These phys zal 
signs may also suggest the finding of gross prolongation of the P-R interval with submergenc: of 
the P waves in the preceding T waves in the electrocardiogram. 


Summary 


An account is given of an exceptional arrhythmia, the parallel of which has not hitherto b :en 
recorded, as farasisknown. The arrhythmia occurred in an apparently normal heart and reveak da 
pattern of heart activity that was considered to lie somewhere between that of repetitive paroxys nal 
supraventricular tachycardia and coronary sinus rhythm. 
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REGIONAL PULMONARY BLOOD FLOW IN PATIENTS 
WITH CIRCULATORY SHUNTS 


BY 


C. T. DOLLERY, J. B. WEST, D. E. L. WILCKEN, J. F. GOODWIN, 
AND P. HUGH-JONES 


From the Department of Medicine, Postgraduate Medical School of London and Hammersmith Hospital 


Received October 19, 1960 


Carbon dioxide labelled with oxygen-15 can be used to compare the blood flow in different 
re ions of the lung. Results obtained with this technique in normal subjects at rest with the chest 
uj right show that there is a much higher perfusion per unit of alveolar volume in the lower zone 
thin in the upper zone. On moderate exercise the flow increases in both zones but the lower zone 
biood flow remains relatively greater than the upper zone (West and Dollery, 1960). Patients with 
mitral stenosis differ from the normal in that the moderately severe cases show almost equal per- 
fusion in upper and lower zones and the severe cases have a higher perfusion in the upper than the 
lower zone (Dollery and West, 1960). This inversion of the normal distribution of blood flow has 
been observed also in patients with left ventricular failure and pulmonary cedema (Dollery and West, 
in preparation). The distribution of blood flow in normal subjects probably depends upon the 
effect of gravity on the low perfusion pressures in the pulmonary circulation. 

Heart disease may reduce the normal difference in the upper and lower zone clearance rates. 
To investigate this problem further we have studied a group of patients with congenital shunts 
between the left and right sides of the heart. These patients have a great variety of pulmonary pres- 
sures and flows. This study was made with a specially selected group of such patients in whom 
complete hemodynamic investigations had been performed. The results demonstrate differences 
between the flow patterns in various disorders of the pulmonary circulation and throw some light 
on the factors that influence the partition of blood flow between different regions of the lung. 


METHODS 


Oxygen-15, which has a half-life of only two minutes, was produced continuously in the Medical 
Research Council cyclotron by deuteron bombardment of nitrogen molecules. After purification 
the gas was piped to an adjoining laboratory where it was either diluted with air for immediate use 
as oxygen or converted before dilution to carbon monoxide or carbon dioxide. The radioactivity 
of the final diluted mixture was monitored continuously in a re-entrant ionization chamber. Usually 
two breaths of each of these gases were given so that the total number of breaths taken was six. 
Here we shall only consider results obtained using carbon dioxide because this gas has been shown 
to be the best for measuring regional blood flow (West et al. (in press)). The radiation dose from this 
number of breaths has been calculated not to exceed 350 millirads. 

During the test the patient sat upright in a chair with neck and arm rests to minimize movement. 
The patient breathed from a low deadspace respiratory valve box, and at the end of a normal expi- 
ration inhaled rapidly to empty a bag containing 900 ml. of air containing a trace of the chosen 
radioactive gas. When the bag was empty the patient held his breath for ten to fifteen seconds and 


These studies were supported by the Medical Research Council. 
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then resumed normal breathing. The inspired radioactivity was detected by pairs of crystal scint: - 
lation counters aligned in front of and behind the chest. Thus the function of cores of lung tiss: 
between the counters could be compared. One pair of counters was placed over the left secor 
rib 3 inches from the mid line and the other over the right lung 4 inches lower down in the adt 
patients and 3 to 34 inches lower in the children. These positions were chosen to allow simultaneo: 
measurement of the clearance rate of the radioactive gas in the upper and lower zones. It w 
necessary to avoid the left lower zone because blood carrying radioactivity accumulating in t! 
heart sometimes interfered with the clearance curve. The signals from the scintillation counters we 
fed through amplifiers to ratemeters and displayed on pen-recorders. 

The clearance rate of each radioactive gas was calculated from the rate of fall of counting ra 
during the breath-holding after allowance had been made for background sadiation and radi 
active decay. Carbon dioxide is removed exponentially and the clearance rate has been express 
as the percentage per second of the instantaneous activity. 

Interpretations. Carbon dioxide labelled with oxyeen-15 is taken up in the lung very rapid! ». 
This may seem incongruous because a net excretion of carbon dioxide takes place. In fact, whcn 
blood passes along the pulmonary capillary a rapid moveicnt of carbon dioxide takes place betwecn 
blood and alveolus in both directions. The net transfer depends on the ratio of the partial pressures 
so that more carbon dioxide enters the alveolus than goes in the reverse direction into blood. How- 
ever, only the latter is labelled. Bicarbonate is formed in the blood and the labelled bicarbonate 
exchanges its oxygen-15 with oxygen-16 in water (Dollery and West, 1960 a) and as a result the partial 
pressure of the labelled carbon dioxide in the blood is exceedingly small. This process ensures that 
the uptake of the isotope into blood is very rapid. The clearance curves show the rate of removal 
of the labelled blood from the counting field and are therefore a measure of the blood flow through 
the region of lung between the counters. 

Normal Values. Measurements that were made in five young normal subjects at the same 
positions as in this series of patients (West et al., 1960) showed that the mean carbon dioxide clearance 
rate was 4-8 per cent per second (standard error 2-1) at the level of the second rib and 23-5 per cent 
per second (standard error 1-7) 4 inches (10 cm.) lower over the right lung. The individual results 
from these five subjects have been used in Fig. 9. 
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THE PATIENTS 


A representative group of 15 patients with cardiac shunts, with and without pulmonary hyper- 
tension, was studied. There were seven patients with ventricular septal defect, four with atrial 
septal defect, and four with patent ductus arteriosus. The diagnosis in each case was made on 
clinical evidence, including electrocardiography and radiography, and confirmed by right heart 
catheterization. Dye dilution curves provided additional confirmation of the presence of a left- 
to-right shunt and afforded accurate localization of the site of a right-to-left shunt when this was 
present. Angiocardiography was carried out in all but three patients. Three patients with ventri- 
cular septal defects had associated abnormalities: in Case 5 there was mild mitral stenosis; in Case 
6 there was congenital mitral stenosis of moderate severity ; and in Case 7, atresia of the left pul- 
monary artery. The hemodynamic data are listed in Table I. 

In two of the seven patients with ventricular septal defect the pulmonary blood flow was betwen 
two and three times the systemic, the left-to-right shunt being large and the pulmonary artery 
pressure and resistance normal (Cases 4 and 2). The pulmonary blood flow was proportiona ly 
much smaller in the other five with a ventricular septal defect where the pulmonary artery pressure 
and resistance was considerably raised and the left-to-right shunt appreciably reduced (Cases 
3-7). Of the four patients with atrial septal defect there were two (Cases 8 and 9) who had a k w 
pulmonary vascular resistance with a high pulmonary blood flow, and two (Cases 10 and 11) w 10 
had a high pulmonary vascular resistance with a low pulmonary blood flow. These patie: ts 
could be compared with the four patients with patent ductus, two of whom (Cases 12 and 13) hid 
a low pulmonary vascular resistance and a high pulmonary blood flow, and two (Cases 14 and 15) 
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REGIONAL PULMONARY BLOOD FLOW 


TABLE I 
H4MODYNAMIC DATA ON THE 15 PATIENTS WITH CIRCULATORY SHUNTS 











Case Age Diagnosis Pulmonary arterial | Pulmonary- | Total Pulmonary 
No. (years) pressure to-systemic | pulmonary | wedge 
(mm. Hg) flow ratio vascular pressure 
resistance (mm. Hg) 
(units)* 
Systolic/diastolic Mean 
1 11 V.S.D. 35/10 21) 2°4:1 1 7 
2 7 V.S.D. 37/13 (26) 3:1 2 — 
3 10 V.S.D. 112/67 (83) 1-8:1 12 9 
4 6 V.S.D. 78/53 (64) 1-3:1 17 — 
§ 11 V.S.D., M.S. 107/62 (75) 2:1 6 23 
6 12 V.S.D., M.S. 100/65 (70) 1-321 16 31 
(arteriolar =9) 

7 12 V.S.D. Absent 

left pulmonary 

artery 90/45 (60) 1:1 5 5 
8 44 A.S.D. 34/14 (25) 2°4:1 2:5 5 
9 21 A.S.D. 36/15 (22) 2°33 1 6 
10 22 A.S.D. 90/44 (57) 1:1 17 6 
11 12 A.S.D. 100/60 (72) 0-7:1 10 9 
12 38 P.D.A. 28/17 (20) 323 1 10 
13 61 P.D.A. 40/20 (30) E732 3 mae 
14 22 P.D.A. 160/100 (115) 0-9:1 25 — 
15 40 P.D.A. 135/75 (105) 0-9:1 20 — 





* Total pulmonary vascular resistance=mean pulmonary artery pressure mm. Hg.+ Pulmonary blood flow 


litres per minute. 
V.S.D.=Ventricular Septal Defect. 
Mitral Stenosis. 


A.S.D.=Atrial Septal Defect. 


TABLE Il 


THE CLEARANCE RATE OF RADIOACTIVE CARBON DIOXIDE FROM THE LEFT UPPER ZONE AND THE RIGHT LOWER ZONE IN 
THE 15 PATIENTS AND A COMPARISON OF THE SIZE OF SHUNT ESTIMATED FROM ROUTINE DYE CURVES AND THE ISOTOPE 


P.D.A.=Patent Ductus Arteriosus. 


M.S. = 











METHOD 
Case Diagnosis Carbon dioxide clearance Ratio: Pulmonary- | Estimated size of left-to- 
No. rate°%/sec. upper/lower | to-systemic right shunt 
——_——— ————_—_—— flow ratio — _ 
Left upper | Right lower Dye curves | Radioactive 
zone zone carbon 
dioxide 
l V.S.D. 34:1 27:1 1-26 2°4:1 + +4 
2 V.S.D. 45-6 62-4 0-73 sca ++ +++ 
3 V.S.D. 27:2 26:1 1-04 1-8:1 +4 ++ 
4 V.S.D. 25:1 23-1 1-09 1-3:1 — + 
5 V.S.D., M.S. 27:1 26-6 1-02 Be Soe +4 
6 V.S.D., M.S. 29-5 7:3 4:04 1-331 + + 
7 | V.S.D. absent left 
pulmonary artery 5-0 38-0 o i<% ae +4 
8 A.S.D. 38-4 36°8 1-04 24:1 ++ +++ 
9 A.S.D. 40-1 62-4 0-65 2°3:1 ++ +++ 
10 A.S.D. 8-4 11-1 0-76 By | — — 
11 A.S.D. 21:8 26°5 0-82 0:7:1 + + 
12 P.D.A. 25-0 52:8 0-47 33 ++ ++ 
13 P.D.A. 36:0 45-6 0-78 2°7:1 — ++ 
14 P.D.A. 71 9-9 0-72 0-9:1 — — 
15 P.D.A. 6-6 77 0-86 0:9:1 — — 





In patient No. 7 both counters were placed over the upper zone. ra, 
In Case 11 a bidirectional shunt was demonstrated on the 


Dye curves were not performed in Cases 4, 10, and 13. 


blood samples and the dye curves. 
V.S.D.=Ventricular Septal Defect. 
Mitral Stenosis. 


A.S.D.=Atrial Septal Defect. 


P.D.A.=Patent Ductus Arteriosus. 


M.S.= 
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a high pulmonary vascular resistance and a low pulmonary blood flow. Thus the cases selecte 
presented a wide spectrum of the pulmonary blood flow and resistance commonly produced b 
shunts in the heart and great vessels. 


RESULTS 


The carbon dioxide clearance data are summarized in Table II. The patients fall into four grou; 
according to the diagnosis. 


Ventricular Septal Defect without associated congenital abnormalities (Patients 1-4) 


In the first two patients with ventricular septal defect, in whom the pulmonary arterial pressure we ; 
normal, the large pulmonary blood flow was reflected in high carbon dioxide clearance rates at both uppx - 
and lower zones with evidence of a large left-to-right shunt in the isotope recirculation peaks (see descriptio i 
of patient 1, below). The second pair in this group had a pulmonary artery pressure approaching system: : 
level and a smaller left-to-right shunt. The carbon dioxide clearance rates at upper and lower zones wer: 
lower than in the first pair and were similar in both zones. The recirculation peaks indicating left-to-rigt 
shunts were also smaller. 

Case Report. Patient No. 1, a boy aged 11, was asymptomatic. The clinical features were those of aa 
uncomplicated ventricular septal defect with a large left-to-right shunt. The data obtained at cardiac 
catheterization supported this diagnosis. The pulmonary artery pressure was 35/10 mm. Hg, the ratio of 
pulmonary to systemic blood flow 2-4 to 1, and the pulmonary arteriolar resistance 1 unit. The clearance 
curves for carbon dioxide were obtained from the level of the left second rib, and three inches below it over 
the right lung. 

The carbon dioxide curves show a rapid upward deflection at the first arrow indicating the point of inspi- 
ration. During the period of breath-holding, between the two arrows, there is initially a rapid downstroke 




















i 





———> Time in 2sec 


Fic. 1.—Pulmonary arteriogram of patient 1 who had an un- 


complicated ventricular septal defect with low pulmonary intervals 
vascular resistance. The pulmonary arteries are all 
dilated. 


Fic. 2.—Carbon dioxide curves recorded from the 
level of the left second rib (upper zone) and 
3 inches (7-5 cm.) lower down (lower zone) 
over the right lung in patient 1. Similar 
clearance rates are shown from both zones 
(see text). 
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REGIONAL PULMONARY BLOOD FLOW 


s the labelled blood is swept from the counting field by the high flow. After two seconds labelled blood 
urns to the field from the right heart having been shunted through the ventricular septal defect. The 
urn of the labelled blood causes a secondary upward deflection in both recorders; afterwards the patient 
>.umed normal breathing. The high flow in both upper and lower zones shown by the isotopes can be 
> ated to the generalized dilation of the pulmonary vessels shown in the pulmonary arteriogram (Fig 1). In 
5 patient the carbon dioxide clearance rate was 34-1 per cent per second at the left upper zone and 27-1 per 
it per second at the right lower zone, the ratio of upper zone to lower zone clearance rates being 1:26 


ntricular Septal Defect with Associated Congenital Lesions (Patients 5—7) 


The first two patients in this-group were thought on clinical grounds to have associated mitral stenosis. 
2 first, patient 5, had findings at cardiac catheterization compatible with a ventricular septal defect with 
monary hypertension, although the pulmonary “wedge” pressure of 23 mm. Hg was unusually high for 
uncomplicated ventricular septal defect. The radioactive carbon dioxide clearance curves showed 
iilar clearance rates at upper and lower zones, 27-1 and 26-6 per cent per second respectively. When 
ventricular septal defect was closed during cardio-pulmonary bypass only mild mitral obstruction was 
ind, the diastolic gradient between left atrium and left ventricle being 7 mm. Hg. 
The second patient with ventricular septal defect and mitral stenosis showed a very different picture. 
Case Report. Patient No. 6, a boy aged 11, had been troubled since infancy by frequent chest infections. 
had always been short of breath, became slightly cyanosed on effort, and recently both symptoms had 
>ome more prominent. There was no history of squatting, syncopal attacks, or rheumatic fever. The 
|.ysical signs suggested a ventricular septal defect with pulmonary hypertension and mitral stenosis which 


ta, 





Fic. 3.—Right ventricular angiogram of patient 6, with 
congenital mitral stenosis and a ventricular septal defect. 
There is selective narrowing of the arteries of the lower 
zones. 


Left lung) | 





Right lung 








a 





Fic. 4.—Carbon dioxide clearance curves re- 


corded from 
(upper zone 


down over the right lung (lower zone) in 
patient 6, showing much smaller clearance 
rate from the lower than the upper zone (see 


text). 
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the level of the left second rib 
) and 34 inches (9 cm.) lower 
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was presumed to be congenital. In addition to a short systolic murmur audible at the left sternal edge, whi: h 
was attributed to the ventricular septal defect, there was a presystolic thrill and a full length mid-diasto c 
murmur in the mitral area preceded by an opening snap. Cardiac catheterization showed that there was a 
small left-to-right shunt at ventricular level (the ratio of pulmonary to systemic blood flow being 1-3 to), 
and a small right-to-left shunt in addition. The pulmonary artery pressure was 100/65 mm. Hg and te 
pulmonary ‘‘wedge” pressure was also grossly raised at 31 mm. Hg. An angiogram from the rig it 
ventricle demonstrated a high ventricular defect and also showed selective narrowing of the basal pulmona y 
arteries and veins (Fig. 3), the pattern commonly seen in severe mitral stenosis (Doyle et al., 1957). «+ 
operation by Mr. W. P. Cleland an infracristal defect 2:5 cm. in diameter was repaired, using a Teflon pate 1. 
The mitral valve consisted of a diaphragm perforated by a round hole 1 cm. in diameter. 

The clearance curves for carbon dioxide obtained from the left upper zone and right lower zone ae 
shown in Fig. 4. The carbon dioxide clearance rate was 29 per cent per second at the left upper zone ai d 
only 7 per cent per second at the right lower zone. The ratio of upper to lower zone clearance rates ws 
4-0:1 in contrast to the four patients with uncomplicated ventricular septal defects who had a mean rat o 
of upper to lower zone clearance rates of 1:03. This suggests that much of the pulmonary vascular di;- 
order was due to the mitral stenosis. Thus there was good general agreement between the angiograph:c 
and isotope results. 

The final patient in this group was also of interest for he was found to have an absent left pulmonary 
artery. 

Case Report. Patient No. 7, a boy aged 13, had been known to have a heart lesion in infancy. His 
exercise capacity had been moderately limited all his life and he was unable to play competitive games. 
The clinical features were those of a ventricular septal defect with considerable pulmonary hypertension but 
still with a left-to-right shunt, a short mitral diastolic flow murmur being audible. The radiograph revealed 
an enlarged right pulmonary artery with pulmonary plethora on that side, but the left pulmonary artery 
could not be seen. At catheterization the pressure in the right pulmonary artery was 90/45 mm. Hg. The 
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Counting 
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UPPER 
Fic. 5.—Right ventricular angiogram of patient 7, with SOHE 
ventricular septal defect and absence of the left pulmonary Ls +0 
artery. The right pulmonary artery and its branches are = 7 —_ 
greatly enlarged, but the left pulmonary artery is not ———> Time in 2sec 
visualized. * Is 
interva 


Fic. 6.—Carbon dioxide clearance curves in 
patient 7 from the level of the second rib 3 
inches (7:5 cm.) from the mid-line over each 
lung showing a higher clearancefrom the right 

lung than from the left (see text). 
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le‘t branch was not entered, and an angiogram confirmed that there was atresia of the left pulmonary artery 
(Fig. 5). There was no definite evidence of a left-to-right shunt on the blood samples taken at catheterization 
though dye dilution curves did indicate that there was one present. The arterial saturation was normal. 

Carbon dioxide clearance curves showed a clearance rate of 5-0 per cent per second from the left second 
spice and 38-0 per cent per second from the right second space (Fig. 6). The clearance curve on the left 
si: e Showed a slower rise to peak. The reason for this is not fully understood but may indicate some cir- 
ci ation of labelled blood via the bronchial arteries. There was a small left-to-right shunt shown on the 
is‘ tope traces. 


RN 


‘ial Septal Defect (Patients 8 to 11) 


The first pair of these four patients had the typical signs of atrial septal defect with low pulmonary 
al ery pressure and high pulmonary blood flow. The ratios of pulmonary to systemic blood flows were 2:3 
ar 12-4:1 respectively and the carbon dioxide clearance curves in both patients showed a very high clearance 
re 2at apex and base. The curves were similar in all respects to those found in ventricular septal defect with 
hi h pulmonary blood flow demonstrated in Fig. 1. The indicator dye dilution and isotope tracings showed 
la ge left-to-right shunts. The second pair of patients (No. 10 and 11) had clinical signs of atrial septal 
dc ect with pulmonary hypertension and a right-to-left shunt. At cardiac catheterization the pulmonary 
al ery pressures were 90/44 and 100/60 mm. Hg respectively, with ratios of pulmonary to systemic blood 
fic v of 1:1 and 0-7:1 respectively. The carbon dioxide clearance rates were much lower than in the patients 
w ha high pulmonary blood flow. Both indicator dye dilution and isotope curves showed a small left-to- 
ri, at shunt in patient No. 11, and in addition a right-to-left shunt was shown by the dye dilution curves. 
P: tient No. 10 showed no shunt on the isotope curves, and dye dilution curves were not performed. 

Patent Ductus. There were four patients (No. 12, 13, 14, 15) with this diagnosis, the first two having 
a .ow pulmonary artery pressure and high pulmonary blood flow, while the second pair had pulmonary 
arvery pressure at systemic level and a ratio of pulmonary to systemic blood flow of 0-9:1. The patients 
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ZONE 
Fic. 7.—Angiocardiogram of patient 15 with patent ductus 
arteriosus and severe pulmonary hypertension. There =e 
is great dilatation of the main pulmonary artery with —— > Time in 2sec 
tortuosity and narrowing of the peripheral branches. intervals 


Fic. 8.—Carbon dioxide clearance curves in 
patient 15 from the level of the left second rib 
(upper zone) and 4 inches (10 cm.) lower over 
the right lung (lower zone), showing equal 
clearance rates (see text). 
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CARBON DIOXIDE CLEARANCE RATE - PERCENT PER SECOND 
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COUNTING POSITION 


Fic. 9.—Carbon dioxide clearance rates from upper and lower zones in (A) 5 normal 
subjects, (B) 6 patients with left-to-right shunt and low pulmonary vascular 
resistance, and (C) 6 patients with smaller left-to-right shunt and high pulmonary 
vascular resistance (see text). 


with high pulmonary blood flow had high carbon dioxide clearance rates at both apex and base and showed 
large recirculation peaks. The findings were similar in every way to those in patients with septal defects 
and high pulmonary flow. The two patients who had patent ductus and pulmonary hypertension had 
very much slower carbon dioxide clearance rates at both upper and lower zones and there was no evidence 
of a left-to-right shunt. 

Case Report. Patient No. 15 was a 40-year-old married woman who had been told in childhood that 
she had a heart lesion. Nevertheless she had lived an active life and had been free of symptoms during two 
pregnancies, 13 and 11 years previously. Recently she had become dyspnoeic on moderate exertion with 
ankle swelling in the evening. Clinically there was slight cyanosis of her legs but not of her arms, and there 
were signs of severe pulmonary hypertension with pulmonary regurgitation. Further investigations sup- 
ported the diagnosis of patent ductus arteriosus with shunt reversal. The pulmonary artery and brachial 
artery mean pressures were equal (105 mm. Hg). The brachial artery sample was 96 per cent saturated, and 
that of the femoral artery 85 per cent saturated. A dye dilution curve obtained from a pulmonary artery 
injection, and an angiocardiogram, both demonstrated that the right-to-left shunt was at pulmonary artery 
level (Fig. 7 and 8). 

The carbon dioxide clearance rate was 6-6 per cent per second in the left upper zone and 7:7 per cent 
per second in the right lower zone (Fig. 8). There was no evidence of a left-to-right shunt on either ‘he 
carbon dioxide clearance curves or the dye curves. 

The Pattern of Carbon Dioxide Clearance with the Different Lesions. A consideration of the patie its 
with ventricular septal defect, atrial septal defect, and patent ductus uncomplicated by other congen ‘al 
lesions shows that they fall into two distinct categories, those with and those without severely raised rf 1l- 
monary vascular resistance. When the patients are divided into two groups according to the pulmon ry 
vascular resistance (above and below 3 units respectively) the difference in the carbon dioxide cleara ce 
rates between these two groups is striking. Although there was a big difference in the pulmonary blc 9d 
flow in the absolute isotope clearance rates between the groups (Fig. 9) there was no significant differe 
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MEAN OF UPPER & LOWER ZONE CO, 
CLEARANCE RATE % PER SECOND 
Fic. 10.—The ratio of pulmonary to systemic blood flow plotted 
against the mean carbon dioxide clearance rates from upper 
and lower zones of the lungs in 12 patients with uncomplicated 


septal defects, showing that the clearance rates vary directly 
with the pulmonary blood flow. 


in the mean upper/lower zone ratios which were 0-80 and 0-88 respectively in the two groups. The overall 
reduction in carbon dioxide clearance in the patients with pulmonary hypertension resulted from their low 
pulmonary flow. This is best shown by comparing the ratio of pulmonary to systemic blood flow with the 
mean of the upper and lower zone clearance rates (Fig. 10). The ratio of pulmonary to systemic flow is 
more satisfactory for comparative purposes than the actual values for pulmonary flow because the group 
consisted of both children and adults. 

The isotope traces were sensitive in the detection of left-to-right shunts. An attempt was made to grade 
the magnitude of the shunt as detected first by the dye dilution curve, and then by the carbon dioxide clearance 
curves, and to compare these findings with the size of the shunt determined by the Fick principle. From a 
study of the form of the dye dilution curve and the shape and relative size of the recirculation hump on the 
isotope trace, the left-to-right shunt was estimated by each method as being either small (+), moderate 
(++), or large (+++). The results were comparable by both methods (Table II). 


DISCUSSION 


The first objective of this investigation was to compare the blood flow in the upper and lower 
zones of the lung under a variety of conditions of pressure and flow. For this purpose we have 
used the ratio of the carbon dioxide clearance rates measured simultaneously in the upper and lower 
zones. This ratio in adult patients can be compared directly with the normal values, but in the 
younger patients comparisons must be made with caution because we have no comparable normal 
data. 

The value of carbon dioxide clearance rate in a given region of the lung is a measure of the blood 
flow per unit of ventilated lung volume. All measurements were made from the left upper zone and 
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the right lower zone, as radioactive blood draining from the lung accumulated in the heart ad 
was found to interfere with the clearance curves from the left lower zone in some patients w th 
enlarged hearts. The comparisons that we have made always refer to these areas. If there w re 
a substantial difference in flow between the left and right lung, as has been suggested for patie ts 
with atrial septal defect (Fleming, 1959), this would affect the accuracy of the comparison. 

The ratio of upper to lower zone clearance rates was 0-2:1 in the five normal subjects; in 1 1¢ 
patients with high pulmonary blood flow it was 0-80, and in patients with pulmonary hypertensi on 
0-88. The difference in the mean ratio between both groups of patients from the normal subje ts 
is highly significant (P<0-01) but between the two groups of patients the difference is not significa tt. 
Both groups of patients had a much higher blood flow through the upper zone than was found in 
normals. The explanation for this difference may not be the same in the two groups of patients. 

The first group, with high pulmonary blood flow, can be compared with exercising norn al 
subjects. Observations made in normal subjects immediately after exercise have shown that there is 
an increase in both upper and lower zone flows, but that the increase in the upper zone flow is 
relatively greater, as the ratio of upper to lower zone clearance rates increased from the resti 1g 
value of 0-2:1 to 0-6:1 (West and Dollery, 1960). The normal subjects performed only a moderate 
amount of exercise, and the carbon dioxide clearance rates reached were lower than those found in 
the patients with large left-to-right shunts. 

In these patients the increase in flow in both zones with a relatively greater increase in the upper 
zone may be a direct result of the higher flow, and an exaggeration of a similar trend found in 
normal subjects when the pulmonary blood flow is increased on moderate exercise. 

The results obtained from patients with extreme pulmonary hypertension need a different 
explanation as the pulmonary blood flow was normal or low. It is probable that the increase in 
the pulmonary artery pressure was itself responsible for the more even perfusion of the lung. There 
is good evidence that the normal low perfusion at the upper zone is a direct result of gravity, for the 
perfusion in upper and lower zones becomes equal in the supine position (West and Dollery, 1960). 
The high pulmonary artery pressure in these patients would make the influence of gravity much less. 
Patients with severe pulmonary hypertension should have a more uniform arteriolar pressure 
throughout the lung and it is possibly for this reason that flow in the upper and lower zones becomes 
nearly equal. 

None of the patients with uncomplicated defects with or without pulmonary hypertension 
showed the steep inversion of the upper/lower zone clearance rate ratio which has been observed 
in patients with severe mitral stenosis. It is of the greatest interest that the only patient in the 
present series who showed this flow pattern was found at operation to have congenital mitral 
stenosis. This finding with the evidence already available from patients with mitral stenosis and 
left ventricular failure provides further evidence that changes in pulmonary venous pressure, and 
not in arterial pressure, play a fundamental part in determining the great reductions of lower zone 
blood flow found in some patients with heart disease. 

The values of carbon dioxide clearance rate correlated reasonably well with measurements of 
the ratio of pulmonary to systemic flow calculated by the Fick method. This was to be expected 
because both measurements depend upon blood flow. 

Experience with the technique using labelled carbon dioxide suggest that it is as sensitive in te 
detection of left-to-right shunts as the indicator dye dilution method using Coomassie blue dye, aid 
possibly more sensitive than the standard methods of measuring the oxygen saturation of the blocd. 
A left-to-right shunt was present in 12 of the 15 patients but was small in three of them. In each 
case the shunt was revealed by the isotope method. In patient 7 a shunt was not demonstrat2d 
by measuring the blood oxygen saturation at two separate cardiac catheterizations, although a 
small shunt was clearly shown by both the dye and isotope methods. In patient 6 the ratio of 
pulmonary to systemic blood flow was 1-3:1, and in patient 11 the shunt was predominantly rig :t- 
to-left; in both these patients small left-to-right shunts were detected by all three methods. 
Quantitative estimates of left-to-right shunts from routine dye dilution curves are inaccur: te 
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although they can be measured by a more elaborate dye technique (Wood et al., 1958). To compare 
the dye and isotope methods on a semi-quantitative basis the curves were graded into one of three 
siz2s (small, moderate, or large) and related to the shunt flow measured by the Fick principle 
(Tible II). The correlation with the calculated shunt flow was reasonably good with both the 
isc tope and the dye methods. 

Another radioactive gas, krypton 85, has been used in the detection of circulatory shunts, 
eit 1er inhaled into the lungs during right heart catheterization and detected in the blood, or after 
inj >ction in solution into the right side of the heart and detected by early appearance of the labelled 
ga in the arterial circulation (Sanders and Morrow, 1958; Braunwald et al., 1959). 

All these methods may permit the localization of a left-to-right shunt and a semi-quantitative 
es|'mation of the flow through it. However, the technique with labelled carbon dioxide is simpler, 
ap oarently reliable, without danger or discomfort; and it makes possible the detection of left-to- 
rig 4t shunts under more physiological conditions. 


SUMMARY 


Pulmonary blood flow to the upper and lower zones of the lungs in a group of patients with 
cil >ulatory shunts were compared using radioactive carbon dioxide. The clearance rate of carbon 
di: xide correlated directly with the ratio of pulmonary to systemic blood flow. Six patients with 
hi; h pulmonary flow and normal pulmonary pressure, and another six patients with normal pul- 
mcnary flow and high pulmonary pressure all had a higher perfusion in the upper zone than normal 
su jects, suggesting that either high pulmonary blood flow or high pulmonary arterial pressure can 
open the upper zone vessels. 

Only one patient (who had congenital mitral stenosis in addition to a ventricular septal defect) 
showed a much higher flow at the apex than the base, the pattern of flow resembling the pattern 
that occurs in severe mitral stenosis. 

The clearance curves of carbon dioxide promise to be a sensitive method of detecting left-to- 
right shunts. 


We thank Mr. P. Buckingham and Mr. G. Forse for valuable assistance and the staff of the Medical Research 
Council Radio Therapeutic Research Unit for the use of the Cyclotron. We are also indebted to Professor R. E. 
Steiner for radiological assistance, and to Dr. A. Hollman for help with cardiac catheterizations. 
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The clinical features presented by coronary occlusion with myocardial infarction are such 
that, together with electrocardiographic evidence, a correct diagnosis is usually possible (Price, 1950). 


Electrocardiographic changes, however, may sometimes be delayed, and in about 6 per cent of f 


cases no change is detectable at all (Lancet, 1958). To assist in diagnosing these cases, enzyine 
tests have been introduced, the estimation receiving most publicity in recent years being the deter- 
mination of serum glutamic oxalacetic-transaminase (S.G.O-T.). The rise in level of S.G.O-T. 
found following myocardial infarction, is generally accepted as being due to the liberation of the 
enzyme from necrosed myocardial cells into the blood stream and it seems also to be generally 
agreed that the level will rise in proportion to the amount of tissue involved (Chinsky et al., 1956; 
Bruce et al., 1958; Dewar et al., 1958; Keele et a/., 1958). From a diagnostic point of view, the 
estimation suffers from the drawback that the rise in serum level attains a peak 24 hours after 
the onset and returns to normal in a further four days. It is obvious that small infarctions may be 
difficult to diagnose on this evidence, since the rise may be slight, and added to this is the 
necessity of obtaining a blood sample when enzyme activity is near to its peak. To obviate this 
difficulty serial estimations at frequent intervals have been suggested (Bruce et al., 1958). 

Other enzymes besides G.O-T., however, are liberated from the damaged heart cells, the 
ones that have been most extensively studied being: serum lactic dehydrogenase, serum aldolase, 
serum hexose isomerase and serum oxidase (Rowell and Smith, 1959; White, 1956; King and Waind, 
1960). 

The popularity of S.G.O-T. estimations is no doubt partly due to this being the first enzyme test 
of this nature requiring only simple equipment which may be available in the smaller biochemical 
laboratories. The original method of estimation involved the use of an expensive ultraviolet- 
spectrophotometer (as did indeed the estimation of the other enzymes listed above) but special 


and rapid methods for estimation of both S.G.O-T., and serum lactic dehydrogenase (S.L.D.). 


SERUM LACTIC DEHYDROGENASE 
Serum lactic dehydrogenase activity in myocardial infarction has been widely studied in the 


United States (White, 1956; Wacker et al., 1956; MacDonald et al., 1957; Wroblewski, 1957), and Ff 
in England (King and Waind, 1960). All these authors have concluded that of all the enzyn es f 


liberated into the blood stream by necrosed heart cells following myocardial infarction, S.L.D. is 
raised, comparatively, to a higher level and remains raised for a much longer period than any oth:r. 


It would therefore seem that this is the best enzyme estimation to undertake for diagnostic purpos 2s 
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particularly as the method of estimation is one of those that has been sufficiently simplified to allow 
of ‘ts being undertaken in all laboratories. It has, however, suffered two major criticisms that 
appear to have held back its application in this respect: first, S.L.D. is raised in several other con- 
ditions, and second, the conclusion that, because G.O-T. is present in higher concentrations in 
hee t muscle than in other tissues, this is therefore the best enzyme test to adopt (Baron et al., 
19€ )). 

taving used $.G.O-T estimations as a diagnostic aid in myocardial infarction for many months 
wit . rather disappointing results, we decided to perform a comparative series of tests, using this and 
§.L D. Before proceeding to discuss these tests and their findings, it is advisable to consider 
the enzyme lactic dehydrogenase in a little more detail, since a knowledge of its réle and position 
in 11e catabolic pathways is most useful when assessing raised S.L.D. levels that may be due to 
litions other than myocardial infarction. 
actic dehydrogenase is an enzyme that catalyses the conversion of pyruvate to lactate (and 


= 


) vic: versa), as shown diagrammatically in Fig. 1. The action is reversible, and besides the enzyme 
| lacic dehydrogenase, the presence of a hydrogen carrier is required. This is provided in the 


for 1 of di-phosphopyridine nucleotide (D.P.N. or co.—enzyme I), (Bell et a/., 1959; Fruton and 


' Sin monds, 1953). When assessing the significance of raised S.L.D. values a knowledge of its 


pos tion in the breakdown of glucose is most useful. Normally, glucose breaks down as far as 


' pyr ivate by a long series of changes catalysed by enzyme actions, with which we are not concerned 


int \is investigation. After the pyruvate stage is reached further breakdown of the pyruvate follows 


> one of two pathways, depending upon the amount of oxygen available. This may be simply 
) illu-trated by Fig. 2. Normally the oxidative pathway (A) is followed, with oxygen readily available 
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Fic. 1.—The role of lactic dehydrogenase in Fic. 2.—The position of lactic dehydrogenase in 
the catabolic pathway. the catabolic pathway 


' and then further breakdown of the glucose residue occurs via the Kreb’s cycle with the liberation of 
| considerable energy. When oxygen is not so readily available (as occurs during athletic 
| endeavour) the pathway followed is that shown on the anerobic side (B) and lactic dehydrogenase 


is instrumental in converting pyruvic acid into lactic acid, which collects in the blood. As will be 


| remembered from early physiological studies, this represents an “‘oxygen debt” which is repaid 
later, when sufficient oxygen is available. The reverse action occurs and lactic acid is converted 
§ back to pyruvic acid. It now seems fairly well established that while normal cells follow the 
» aerobic pathway (A) malignant cells follow very largely the anerobic pathway (B), and it is therefore 


not surprising to find that raised S.L.D. levels are a fairly common finding in the various types of 


» malignancy. Wroblewski (1957) has shown that raised lactic dehydrogenase activity occurs in 
) fluids that bathe malignant cells. Considerations of this nature must be borne in mind when 
| assessing the significance of the raised levels. 


In myocardial infarction, increases of $.L.D. activity are due to liberation of the enzyme from 


| the damaged heart cells. For this reason, the increase is sudden, and attains a maximum peak at 
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about 24 hours, reverting to normal in a relatively short time, usually 10-20 days. In the cas¢ of 
malignancy the rise in S.L.D. activity is due rather to increased enzyme activity of the nature alre. dy 
described, so that it maintains a more constant level, and is not usually so greatly elevated a: in 
myocardial infarction. 


METHODS AND RESULTS 


Bearing these facts in mind, we performed a series of comparative tests using $.G.O-T. < ad 
S.L.D. in cases of proven and suspected myocardial infarction. Both tests were performed w th 
the reagents supplied by the Sigma Co. of the U.S.A., and although we were rather limited in he 
early stages by a short supply of S.L.D. reagents, we aimed to collect and examine by both t sts 
blood samples taken at least every day in the early stages, and every two days in the later sta; 2s. 
Later we were able to modify this in many cases, to doing the estimations at 3-day intervals, w! en 
we found ourselves becoming more familiar with the expected pattern of results. From al! he 
cases examined, we were able to select twenty in which the diagnosis of myocardial infarction \ as 
not in doubt, clinical findings being confirmed by electrocardiographic evidence and occasionally 
by post-mortem findings. It very soon became apparent that the findings of the various American 
workers would be confirmed, although for our series of investigations we were using Sigina 
reagents and not ultra-violet spectrophotometric methods. 

A typical finding, taken from one of the twenty cases of proven myocardial infarction, is shown 
in Fig. 3. It will be seen that the S.L.D. returned to normal after 134 days while the $.G.O-T. 
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Fic. 3.—The progress of one of the twenty patients with myocardial infarction, as followed by 
$.G.O-T. and S.L.D. tests. 


returned to a level of 40 Sigma Frankel units after 34 days, and to a level of 28 units after 5 da/s. 
The top level of 40 units for S.G.O-T., as tentatively proposed by the Sigma Co. for their test, is 1 ot 
universally accepted. Certain workers have suggested that 28 units is a more correct upper le ‘el 
(Rowell and Smith, 1959), and we ourselves feel also that this is a more accurate level for up) er 
normal. This graph, comparing S.L.D. and S.G.O-T. findings compares very favourably w th 
those produced by American workers using ultra-violet spectrophotometric methods for th:ir 


determinations. “ 
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Fic. 4.—Collective results of the S.G.O-T. determinations carried out on the 20 patients with 
myocardial infarction. 


Figs. 4 and 5 show the collective results of the tests made on the 20 cases, for the activity of both 
enzymes. In Fig. 5 the S.L.D. values are aggregated above the normal level for a period of up to 13 
days from onset, with three exceptions. Two of these exceptions were in cases in which the rise 
appeared to be rather delayed, so that it was about 24 hours from the onset before a rise in S.L.D. 
activity was demonstrated. However, these two cases showed a very high level later, both of them 
rising to over 2000 units per ml. The other exception was a case that returned to normal after 9 
days. The table showing S.G.O-T. findings (Fig. 4) is most interesting in view of the different figure 
suggested for the upper limit of normal. If one takes the suggested level of Sigma, of 40 units per 
ml., only 23 of the 100 tests are above this level. The suggested top normal value of 28 units per ml. 
certainly makes the test more sensitive, as another 18 results then appear above the normal level. It 
will be noted also that as the results become normal again the values from ten days after onset all 
lie within the upper limit of 28 Sigma Frankel units per ml. 

A comparison between the two tables suggests that S.L.D. may be superior to S.G.O-T. as a test 
for myocardial infarction, mainly because it remains raised for so much longer after infarction. 
The latter has the disadvantage that small infarcts are responsible for only slight increases in the 
level and these are not easy to detect without serial estimations. The short period of elevation 
is also a disadvantage when one compares it with S.L.D., as samples taken at about 6 days after 
infarction invariably show a low or normal S.G.O-T., but still have an appreciably elevated S.L.D. 
level. There is much greater latitude with S.L.D. estimations, as for instance in the cases of patients 
whose admission to hospital is delayed for-several days. Here serial S.G.O.-T. determinations may 
all show a normal level, the lapse of time being such that the peak of activity has been passed, and 
the level has now returned to normal. With S.L.D. the chances of obtaining a reasonably raised 
value are good, and even if the level obtained is not sufficiently high to be fully diagnostic, further 
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Fic. 5.—Collective results of the S.L.D. determinations carried out on the 20 patients with 
myocardial infarction. 


samples can be taken at 2- or 3-day intervals to demonstrate a falling level, which is the finding 
one would expect in myocardial infarction. 


DISCUSSION 


Raised S.L.D. levels have been reported in conditions other than myocardial infarction, and it 
seems well establised that the findings of MacDonald et al. (1957), are typical. They found increased 
levels in the following conditions: myelogenous leukemia, carcinomatosis, skeletal muscle 
trauma, acute hepatitis, diabetic ketosis, and rheumatoid arthritis. None of the cases that we 
examined in selecting the 20 patients with proven coronary occlusions were complicated by diseases 
of the above type. Perhaps the nearest cases we encountered to these were lymphosarcoma 
(S.L.D.=620 units), and carcinoma of the bronchus (S.L.D.=560 units). These patients were sent 
to the hospital suspected of myocardial infarction, and originally this diagnosis was entertained, but 
cardiographic findings were negative, and thus the enzyme tests were helpful. The first of thse 
two patients showed an S.G.O-T. below 30 Sigma Frankel units per ml. each time the test was 
performed. The S.L.D. gave a steady result of 620 units per ml. on each of three succes:'ve 
occasions. The second patient showed S.G.O-T levels remaining below 30 units per ml., but g ve 
a steady S.L.D. level of 560 units on each of three successive occasions. 

Other patients examined before an accurate diagnosis had been made included cases of pe; tic 
ulcer, angina pectoris, and pulmonary embolism, none of which gave a sufficiently increased S.L D. 
level or showed a decreasing level that would warrant them being considered as cases of myocar: ial 
infarction. 

All the patients with proven myocardial infarction examined had S.L.D. levels that rose to 
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at least 600 units per ml., and we came to the conclusion that the test could be conveniently adopted 
for routine use as follows. 

If cardiographic findings on admission to hospital are inconclusive, a sample of blood is taken and 
eximined for S.L.D. activity. A result of over 600 units per ml. is almost conclusive evidence of 
m.ocardial infarction, but if any doubt exists the test can be repeated again after two days. At the 
saiie time, further cardiograms will be taken and if these are still negative or inconclusive the 
ev dence of the tests can be examined. If the S.L.D. is falling, or rising, according to the position 
on the graph when the sampling is taking place, this is very strong evidence for a myocardial 
ini irction having occurred. Occasionally, a third sample may be required if the two previous 
re: ilts are close together or identical. The usual findings in myocardial infarction appear to be an 
§.! .D. value of over 600 two to three days after the onset, and it is very rarely necessary to repeat the 
in’ estigations outlined above. We have found the method to be most useful in cases which have 
be n admitted to hospital three or four days after the onset, and when a single $.G.O-T. deter- 
mi 1ation has shown a normal value. 

A most interesting reason for the greater and longer period of elevation of S.L.D. following a 
m: ocardial infarct has been postulated by Wacker et al. (1956). They found that coincident with 
m: ocardial infarction, a decrease in serum zinc occurred. Lactic dehydrogenase is a metallo- 
en yme, which incorporates zinc in its molecule, so that this might seem to be an anomalous finding, 
sir 2¢ an increase in §.L.D. from damaged cells should cause a corresponding increase in serum zinc. 
Hc wever, these workers were also able to demonstrate that zinc ions have a depressant effect on 
lac.ic dehydrogenase activity, so the correct explanation would appear to be that a decrease in 
se1um zinc reduces the depressant effect of zinc ions on S.L.D. activity. Hence, of all the enzymes 
liberated from damaged heart cells following myocardial infarction, lactic dehydrogenase, since 
it hias its activity further enhanced by the lowering in concentration of depressant zinc ions in the 
serum, becomes raised to a comparatively higher degree, and remains raised for a longer period 
than any of the other enzymes that do not have a similar enhancing factor. Why zinc ion concen- 
tration is depressed initially is still unknown. 


SUMMARY 


A comparison of results obtained in 20 cases of myocardial infarction has been made, employing 
§.G.0-T. and §.L.D. estimations. The findings show that the results of American workers have 
been confirmed, and that S.L.D. estimation allows of greater latitude in sampling, due to its longer 
period of elevation. Its estimation by the method of the Sigma Co., using Sigma reagents, 
is satisfactory for the purpose. Although it is raised in other conditions, it is doubtful if this 
represents a drawback to its use by discriminating workers as a test for myocardial infarction, 
as these other conditions are mostly clinically distinct from myccardial infarction. In doubtful 
cases, where the S.L.D. is not greatly elevated, one or two serial tests will usually resolve the difficulty, 
as the levels tend to remain static in conditions other than myocardial infarction over the short 
period of time involved, instead of following the typical course of rise and fall (Fig. 3). The explan- 
ation of this would appear to be that in myocardial infarction the enzyme is liberated from damaged 
cells, causing the serum enzyme activity to reach a peak, usually about 3-4 days after infarction, 
and then slowly to return to normal. Other conditions have raised S.L.D. activity, due to reasons 
explained but the serum level remains steady over the period involved, and is not usually so greatly 
Taised. 
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particularly the medical staff who collected many blood samples, and the laboratory staff of the Biochemistry 
Department, who assisted with the tests. 
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Scleroderma is one of the collagen diseases, namely one that attacks primarily the mesenchymal 
co lagen fibres of connective tissue. Those collagen fibres already present usually become thickened, 
bu: also new ones are formed. The effects of the disease are therefore not confined to the skin, 
as was thought originally, but are widespread throughout the body, and the term scleroderma is 
this a misnomer. In addition to the skin, the main structures to be affected clinically are skeletal 
muscle, the alimentary system, especially the cesophagus, the lungs, kidneys, endocrine glands, 
bones, and joints, and the heart. The disease is prone to remission and relapse, but ultimately 
proves fatal whether it pursues a fulminating course of a few months or even weeks (MacCallum, 
1926) or the more usual chronic course over several years. 

Lewin and Heller, who as early as 1895 produced a monograph on the subject and reviewed the 
45\ cases that had been recorded before that date, credit Lusitanus (1634) with the first description 
of the disease and believe that Gintrac (1847) introduced the term scleroderma. 

Systemic scleroderma has been described in an infant (Langmead, 1911) where it was noticed 
shortly after birth, but it is commonest in the fourth and fifth decades, the average age in our series 
being 54-5 years. The sex ratio is one male to three female patients. The generalized disease is 
probably twice as common in women, but in the present series with cardiac involvement the pro- 
portion was two men to three women. 

When a fatality occurs in the first few years, it is due either to renal or cardiac failure; later 
malnutrition and pulmonary complications are important contributory causes of death. 


INVOLVEMENT OF THE HEART 


We are concerned with the disease only as it affects the heart, and it is necessary to point out that, 
compared with other viscera such as the cesophagus or lungs, the heart is only rarely directly affected 
by the sclerodermatous process. It is difficult to assess the frequency with which the heart is 
affected in generalized scleroderma. Of 19 patients seen personally by one of us (S.O.), 11 had 
evidence of cardiac involvement. On the other hand, in a series reported by O’Leary and Nomland 
(1930), none of 48 generalized examples showed cardiac symptoms or signs. Of 26 patients with 
generalized scleroderma described by Rossier and Hegglin-Volkmann (1954) 7 showed clinical 
evidence of cardiac involvement, and of 63 showing only acrosclerosis 5 had abnormal electro- 
cardiograms (Windesheim and Parkin, 1958). There is no doubt that many examples of very 
— sclerodermatous involvement occur; yet the heart escapes, not only clinically but histo- 
ogically. 

It was Matsui (1924) who first pointed out that the heart could be specifically and directly invol- 
ved in scleroderma, and in 1934 Brock reported a generalized case in which the cause of death was 
243 
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congestive heart failure due to myocardial fibrosis. This was followed in 1943 by the classi: al 
paper of Weiss et al. who, as a result of study of 9 patients with two autopsies, concluded tl at 
scleroderma heart disease was a pathological and clinical entity. The lesion affects the lur gs 
more commonly than the heart, and often both organs are involved. The resultant fibrotic chan; 2s 
in the lungs help to produce pulmonary heart disease, and this plays a considerable part in tie 
causation of right ventricular failure in many patients in whom both organs are affected. At tin 2s 
chronic cor pulmonale is the only type of failure present in those patients whose myocardium is 
itself unaffected by the disease (Bauer, 1955): similarly, left ventricular failure may rarely res ‘It 
from hypertension, secondary to renal scleroderma or steroid treatment. 

Direct cardiac involvement by scleroderma most commonly affects the myocardium predor ii- 
nantly, and is often confined to it. Less commonly the pericardium is the sole site, with or withc ut 
the production of a pericardial effusion. At times both the pericardium and myocardium <re 
affected. If the endocardium or valves are affected, this is almost always in association with sev: re 
myocardial damage from the disease, but rarely they may be the sole site of the lesion and give 
rise to a condition similar to the non-bacterial verrucous endocarditis described by Libman aad 
Sacks (1924) in cases of systemic lupus erythematosus. 

Chronic cor pulmonale usually results from the disease affecting the lung tissue and bronchi, but 
aggravating factors are the restriction of chest expansion that results from involvement of the skin 
and muscles of the chest wall, and the tethering of the lung through involvement of the pleura and 
diaphragm in the disease process. In Matsui’s early account (1924) of six patients, all women, 
with cardiovascular involvement, he noted mainly right-sided cardiac hypertrophy as a result of 
what he termed chronic productive interstitial pneumonia. 

Patients Studied. Study of the papers about scleroderma, particularly the earlier ones, has 
convinced us that there is often considerable doubt concerning the accuracy of the diagnosis of 
scleroderma. There is even more doubt as to whether the heart condition that accompanies the 
suspected scleroderma is, in fact, the result of that disease. In many patients it could have been 
coincidental. 

It needs to be emphasized that the mere presence of a cardiac or vascular lesion in a patient with 
scleroderma does not of necessity establish its sclerodermatous nature. The number of cases where 
both a good history of symptoms and detailed clinical examination have been correlated with autopsy 
findings is not great, and for that reason we have recorded only those reported examples where both 
clinical and autopsy findings have been adequate. We were able to find 28 such patients (Table 1). 

In addition, we have added 21 of our own with generalized scleroderma where we have felt 
confident that the cardiac symptoms and signs were the direct result of involvement of the heart 
by the sclerodermatous process (S.O., Cases 1, 2, and 4-12; W.S., Cases 3 and 13-21). The total 


TABLE I 


CARDIAC AND PULMONARY NECROPSY FINDINGS IN 28 REPORTED CASES 


Heart Weight in grams, 300 or less 9 

300-400 5 

400-500 7 

500 and more .. 4 

Not stated 3 

Myocardium 25 

Pericardium . 20 
(Effusion more than 100 ml., uy 

Endocardium 9 

Mitral and tricuspid valves 2 

Mitral valve ee 2 

Chorde 1 

Epicardium .. 6 

Calcification 1 

Lungs Fibrosis only ‘ 15 

Fibrosis and cystic change 4 
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from which the clinical analysis has been made is thus 49, on 32 of which autopsies were performed. 
The cardiac and pulmonary findings at autopsy in our four patients (Cases 1, 2, 3, and 15) follow, 
three at once and Case 15 as an addendum. 


NECROPSY FINDINGS 


Case 1. Man, aged 56. Cardiovascular System. Heart weight 360 g. Pericardium normal, no 
ef‘usion. Right ventricle distinctly hypertrophied (wall 6-8 mm.). Myocardium normal to naked eye with 
n») evidence of infarction or fibrosis. Valves macroscopically normal. A few white patches of endocardial 
fi rosis in the right ventricle. Considerable atheroma of the main pulmonary artery and smaller branches, 
w th adherent mural thrombus, probably three or four weeks old, in the right pulmonary artery near the 
o igin of the branch to the right lower lobe. Microscopically, replacement of parenchyma by collagen 
Ww iS present particularly in the muscle of the left ventricle. 

Respiratory System. Bronchiectatic lower lobes, particularly on right side. Elsewhere individual 
p ripheral bronchi had become dilated, usually in relation to cystic parenchymal lesions. Small serous 
e usion (300-400 ml.), slightly blood-stained, in each pleural cavity. No adhesions. Visceral pleura 
g nerally thin and finely wrinkled by subpleural cysts and fibrosis. Both lungs pale, finely wrinkled, and a 
li tle smaller than normal, reduction in size being greatest in lower lobes. On section large areas of parenchy- 
naseen to be cystic. The cysts were thin-walled, smooth and glistening, most of them ranging in size from 
5 mm. downwards, merging imperceptibly with what appeared to be normal parenchyma. The more 
s verely affected areas contained cysts up to 1 cm. and in one part of the left lower lobe several cysts of this 
si e had become confluent forming a bulla. The right lower lobe was the most uniformly cystic and at first 
si zht its thin-walled, dilated bronchi were not easily distinguished from the cysts which surround them. The 
n iddle lobe contained a firm, raised, subpleural infarct. 

Death was from pulmonary embolism. 

Case 2. Woman, aged 62. Cardiovascular System. Heart weight 845 g. Myocardium mottled but 
0: normal consistency; no obvious fibrosis on the cut surface. Valves normal. Moderate atheroma of 
ccronary arteries and abdominal aorta. Microscopically, patches of sclerodermatous change scattered 
throughout areas of normal heart muscle. Arterioles numerous and unaffected. 

Respiratory System. Twenty oz. (600 ml.) of clear yellow fluid in the left pleural cavity, 32 oz. (960 ml.) 
in right. Saccular bronchiectasis in moderately contracted right lower lobe but no obvious fibrosis on cut 
surface. Oedema and nodules of pinkish-grey pneumonic consolidation in all other lobes. Lung weight: 
right, 695 g.; left, 718 g. Some digital involvement, but her other systems, including the cessophagus, normal. 

Case 3. Woman, aged 64. Cardiovascular System. Heart weight 567 g. Moderate enlargement due 
to hypertrophy of both ventricles. Both layers of pericardium a little thickened and densely adherent over 
the whole surface. No pericardial effusion. Valves and coronary arteries normal. Myocardium generally 
soft and pale. 

No evidence of old or recent infarction. 

On microscopy, diffuse fibrosis showed and in some areas this seemed to be replacing muscle fibres, 
many of which were smail and atrophic. Fibrous pericarditis was present. 

Respiratory System. Both surfaces of pleura considerably thickened and adherent over most of the 
opposing surfaces, except where bilateral loculated effusions of about 600 ml. had compressed the lung. 
Much passive collapse of both lower lobes. On cut section, no evidence of an inflammatory lesion but 
parenchyma intensely oedematous and firm. 

Microscopically, patchy fibrosis, in places very marked in the interalveolar connective tissue, some 
alveoli being almost non-existent. In some areas of the lung, however, no increased fibrosis. 

Kidneys. Both of normal size and capsules stripped easily. On section, surfaces paler than normal and 
complete loss of cortico-medullary differentiation. Many linear fibrotic areas and plaques throughout. 

A few completely fibrosed glomeruli and a little patchy hyaline change in some of the other glomeruli, 
besides a generalized increase in interstitial fibrosis. In some arterioles adjacent to glomerular tufts, much 
hyaline thickening of the wall with narrowing of the lumen. 


CLINICAL FINDINGS IN SCLERODERMA HEART DISEASE 

As the heart in scleroderma is the primary interest in this communication, presentation of other 
aspects of the clinical picture is not given in full to save space: instead we have tabulated the salient 
clinical features in Table II. The evidence of cardiac involvement by scleroderma in our twenty- 
one cases is given in Table III. 

The Heart. Asarule, cardiac symptoms do not appear until late in the disease. For example, 
in the case of Goetz (1945) there was an interval of 14 years before cardiac involvement became 
obvious, although the interval is usually less than this. Once cardiac symptoms appear, the duration 
of life is usually a matter of a few years, and rarely it can be measured only in days. The average 
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TABLE II 
SALIENT CLINICAL FEATURES OF OUR 21 CASES 
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Case “y > | 3 on = 5 
Age, and Sex| na — Bd OR 
} ms os Comment 
1. M. 56 + + ++ i —, extensively involved than heart. Death from pulmonary emboli: n 
ig. 1 an \ 
2. F. 62 + + ++ —— _<— 6 months from onset of acrosclerosis to death from left ventricular fail -¢ 
(Fig. 
3. F. 64 + + a | ++ vee muscle extensively involved. Severe cardiac pain in absence of corona y 
artery disease histologically. 
4. F.37* | + + Se + Widespread calcification in neck, left shoulder, hands, nose, ears, and lungs. E°. 
showed pathological changes over left ventricle. B.P. normal. (Fig. 4a and 6). 
5. F. 55 os oo + ot Cardiac size increased pari passu with worsening of scleroderma in skin but improv.- 
ment in lungs. LBBB and cardiac pain (Fig. 2). 
6. M. 52 + a EC. appearance that of postero-apical infarct but no cardiac pain. 
7. F. 76 + + + ++ Amputation of left hand because of gross Raynaud’s disease. 
8. F. 49 + ++ Cirrhosis of liver also present. 
9. F. 46* + + ++ + Severe skin and cesophagea! lesions with progressive heart failure over 3 years. 
10. F. 57* + + EC. appearance that of coronary insufficiency yet no cardiac pain. Extensive pul- 
rs involvement but no cor pulmonale. Thibierge-Weissenbach syndronie 
ig. 3). 
11. M. 35 oe Considerable dyspneea due to involvement of chest wall, not lungs. EC. that of 
postero-apical infarction, but no cardiac pain. 
12. F. 56 + a ++ Congestive heart failure 12 years after the onset of scleroderma: fatal within less than 
a year. 
13. M. 42t a oe + Raynaud’ s syndrome since childhood. Pericarditis at 42 with subsequent increase 
in heart size, partial heart block, and notched P waves. 
14. F. 47 + + a ++ | ne ae originally thought to be sarcoid but later typical scleroderma of 
chest wall. 
1S. F. 74° + . + ++ Antero-septal infarction appearance without coronary pain. Multiple calcium 
deposits in right shoulder region (Fig. 4b). 
16. F. 41f a + oe oo Partial RBBB preceded Raynaud's syndrome, dysphagia, and scleroderma of skin. 
17. F. 67 a = + + Raynaud’s phenomenon, telangiectases of face and dilated atonic esophagus. Short 
P-R interval associated with RBBB. 
18. F. 44 + + + Severe Raynaud’s syndrome, angina, and paroxysms of atrial tachycardia: followed 
4 years later by skin changes of scleroderma. 
19. M. 52t oo Unexplained pericarditis preceded progressive skin scleroderma by a little over one 
year. 
20. M. 58* oa oe — on Raynaud’s syndrome, followed 8 years later by skin changes aah scleroderma, RBBB, 
and two linear patches calcification right lung. 
21. F. 77*f + + + ++ + Thibierge-Weissenbach syndrome, cesophageal obstruction, mitral regurgitation, and 


short P-R interval. 





o 


These six patients had calcinosis (Thiberge-Weissenbach syndrome). 
These four patients showed other intestinal involvement. 


+ 


duration of life after the onset of cardiac symptoms is 30 months in our series, the range being from 
nine days to eleven years. Progressive myocardial symptoms do not necessarily follow episodes of 
pericardial involvement, as recorded in two of our male patients (Cases 13 and 19). The former, 
grossly restricted in activities by parietal and intestinal disabilities, complained of no symptoms 
directly related to his heart in spite of partial heart block and steadily increasing heart size in the 
following seven years. The latter (Case 19) had no further cardiac symptoms in the subsequent 
six years; nor was there obvious myocardial deterioration on objective evidence. 

It is exceptional for cardiac symptoms to precede the more obvious skin lesions, and when they 
do, the cause for them is hardly ever diagnosed at the time. Five patients in our series presente | 
in this manner (Table IV). Other reported examples are those of Goldman et al. (1954) wh» 
recorded an example in a man aged 50, where cardiac symptoms were present for about 30 month., 
and only during the last 6 month: of life did the diagnosis of scleroderma become obvious. Sim - 
larly, in three of the nine cases described by Weiss et al. (1943) cardiac symptoms preceded chang; s 
in the skin, as they did also in the case of Spain and Thomas (1950) and that of Bauer (1955). 11 
general, both the progress of the cutaneous disease and its relation to cardiac symptoms are extreme y 
variable. 

The commonest cardiac symptom is dyspneea, but its significance in scleroderma is difficult t> 
assess because of the frequent association of pulmonary and constrictive parietal lesions. A | 
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TABLE III 
EVIDENCE OF CARDIAC INVOLVEMENT BY SCLERODERMA (21 CASES—ALL HAD ALSO SCLERODERMA ELSEWHERE) 
Case Age Clinical Radiological Electrocardiogram Cardiac 
bo. and Involve- 
Sex B.P. Heart Lungs mentt 
a a M. 56 3rd H.S.; P2+; H.F. 160/100 | Enlarged Coarse basal reticulation | Right ventricular E 
preponderance 
3 2 F. 62 Mitral s.m.; acute L.V.F. 140/95 Enlarged Basal bronchopneumonia | Supravent. ExS. T inverted 
vi-4 
e:3 F. 64 Left parasternal 140/75 Large, Basal fibrosis and Low voltage. T inverted II, P 
murmur; P2+ ; angina; triangular congestion Ill, VF. Later frequent 
C.H.F. | supraventricular. ExS. 
4 F. 37 H.S. normal; 120/80 | Normal Infiltration diffuse L.V. hypertrophy— 
extrasystoles | ischemia. Atrial and 
ventricular ExS. 
ys F. 55 Angina 124/82 Enlarged Opacity upper lobes | LBBB 
: J : M. 52 Extrasystoles 128/80 Norma! Emphysema Ventricular ExS. Postero- 
apical infarct. 
7 F. 76 A.F.; C.HLF. 135/80 Greatly Collapse right base Atrial fibrillation. All T 
enlarged waves flat 
a a F. 49 S.m. internal to M.A.; 140/95 Normal | Opacity right base |’ Low voltage. Low TI, II, E 
3rd H.S.; H.F. | Ill, VS-6 
_ ) F. 46 Mitra! s.m.; P2+; H.F. 116/65 Normal Fibrosis right base Ventricular ExS. S-T E 
slightly depressed in L.V. 
leads 
) E. 57 C.H.F.; no cardiac pain 110/70 Moderately | Infiltration diffuse Ventricular ExS. Coronary 
enlarged insufficiency changes 
: il M. 35 H.S. norma!; 140/90 Normal | Normal T inverted in VF, V5 and 
pulmonary dyspnoea; } 6—normal—post. apical 
no pain | infarct 

12 F. 56 C.H.F 120/80 Moderately | Infiltration diffuse P-R 0-22. Low or inverted 

enlarged T waves 

13 ; M. 42 Pericardial rub 110/55 Slow Emphysema Temporary pericarditis P 

enlargement | changes. P notched II, III, 
VF. P-R-2:-4sec. Low 
voltage 

14 | F.47 | 3rd HS; P2+;C.H.F. | 110/70 | Normal Reticular opacity P-R 0:24 sec. P pulmonale. 

mottling TI flat T inverted If, III, 

| Vi-7 
*15 F. 14 a, Aortic outflow murmur 160/110 | Triangular | Basal opacity P-R 0-25 sec. Resembled 
only; C.H enlargement. | antero-septal infarct. PE 
Mainly L.V. Ventricular ExS. 

16 F. 41 Normal 140/90 Slightly Basal shadows | Partial RBBB. Ventricular 

} | large increased ExS. P increased and bifid 
17 | F.67 | Split H.S.; RBBB 220/120 | Normal | Normal | RBBB. L.V. stress. P-R 0-12 

} } sec. 

18 F. 44 Angina of effort; H.S. 120/80 Normal | Normal P-R 0-24 sec. P rounded and 
normal; atrial prominent low voltage. 
tachycardia Paroxysms of atrial 

| tachycardia } 

19 M. 52 Pericardial friction; H.S. | 125/80 Slow | Normal | Pericardia! changes 

normal | enlargement | temporary. Slurred R in P 
V3. Atrial and ventricular | 
| xS. j 

20 M. 58 RBBB only 130/90 Normal Linear calcification RBBB 

21 si F. 77 Mitral s.m.; L.V. heave; 150/90 Enlarged | Patchy mottling right P-R 0°14 sec. Peaky T E 
C.H.F. mainly L.V. base | wave in V3 








* With necropsy. 


+ The myocardium was involved in all cases: P and E indicate involvement of pericardium and endocardium. 
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nine of the series of Weiss et al. (1943) had dyspnoea, five had orthopnoea, and two paroxysn al 
nocturnal dyspnea. Leinwand et al. (1954) are of the opinion that dyspnoea is more frequen ly 
symptomatic of cardiac than of pulmonary involvement and that its onset is of grave prognos ic 
importance. It was mentioned in 40 of these 49 cases. Right-sided heart failure with edema 
the ankles is very common and occurred in about one half, and at times there may be gross anasar: 
As a rule, cyanosis is absent or only moderate, but one of Goetz’s (1945) patients presented a picti 
of a “black cardiac.” 


ey. od. 


TABLE IV 


RECOGNITION OF CARDIAC INVOLVEMENT RELATED TO APPEARANCE OF SCLERODERMA ELSEWHERE 

















No. of Cases Scleroderma Cardiopathy Concurrent 
diagnosed preceded recog- recognition 
before nition of | 
cardiopathy scleroderma 
Previously recorded (28) - a = Je a 19 6 3 
Personal series (21) .. a a ue my £, 8 | 5 8 
Total (49) id é3 Ps i a se re 27 11 11 
Approximate percentage of total series .. me ha 55 aa'5 22:5 





Clinical detection of cardiac enlargement may be difficult if the chest wall is infiltrated. The 
heart sounds are usually of normal or less than normal intensity, and gallop rhythm is common, 
and when described fully is more usually protodiastolic than presystolic. It presumably results 
either from a sound due to rapid ventricular filling, or later, when failure sets in, from atrial gallop. 
With progress of the disease the pulmonary second sound is apt to increase in intensity, presumably 
as a result of progressive rise in pressure of the pulmonary artery following lung changes, and at 
times it may become widely split (Bauer, 1955) owing to delayed closure of the pulmonary valve. 

A systolic murmur of variable intensity is commonly heard at or near the apex but is rarely 
very loud. We have been unable to find an example where a diastolic murmur has been present, 
although the rare case with mitral valve nodules may be mistaken for rheumatic heart disease. 
Rather surprisingly, when one considers the frequency with which pericarditis is found at autopsy 
(Table I), a pericardial friction rub is an uncommon finding and was mentioned only rarely in the 
reported cases and heard only in two of our present series. 

In scleroderma heart disease the heart usually fails in normal rhythm, although extrasystoles, 
both supraventricular and ventricular,. especially the latter, are common. Atrial fibrillation 
occurred in two of our patients and atrial flutter in one. Conduction defects are common, too; 
partial heart block led to complete heart block in one patient (East and Oram, 1947), three other 
new patients had a P-R interval of 0-24 sec. or over, and three had right bundle-branch block. 
On the other hand, the P-R interval was only 0-12 sec. in one and 0-14 sec. in another. 

Pain in the chest is surprisingly common, occurring in 12 of these 49 patients. Its descriptior is 
sometimes not unlike that resulting from coronary disease, although even the finer branches of ‘he 
coronary vessels are rarely affected microscopically. No convincing explanation has been giv :n 
for its origin, but it is likely that some examples are due to pericardial or pleural involveme 1t, 
and others to involvement of the lower esophagus. The direct relation to exertion of the angi’ al 
pain in some patients, whose coronary arteries are found to be patent and not ischemic at autop y, 
might be explained by a nutritional change, associated with the fibrosis, actually in the heart mus¢ e. 

The Lungs. Pulmonary symptoms are commoner than usually thought, and may be pres: nt 
long before any abnormal physical signs can be elicited clinically or any radiological change se: n. 
At autopsy extensive pulmonary fibrosis may be found, in spite of a persistently normal X-1 1y 
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picture. One such case, which necessitated tracheotomy twice, has been described by Talbot and 
Ferrandis (1956). Cough is frequent and commonly non-productive. 

Spain and Thomas (1950) have divided the effect on pulmonary function into two types, the 
ventilatory and respiratory. Ventilation is impaired because involvement of the skin and muscles 
of the thoracic cage restricts normal chest expansion, and fibrosis of the diaphragm and pleura 
in pedes the lung movement: in addition there may be diffuse peribronchial fibrosis with obstructive 
er physema (Murphy et a/., 1941). Respiratory gaseous interchange in the alveoli is impaired by 
th ckening of the alveolar walls, and by changes in the blood vessel walls leading to narrowing and 
ol literation, as previously described. This may be demonstrated by a decreased oxygen content of 
th: arterial blood following exercise (Fox, 1947). Pulmonary rales, usually basal, are the commonest 
fi: ding, and signs of bronchiectasis may be present. Recurrent attacks of pneumonitis and pleurisy 
ar > not uncommon, often associated with spillover as a result of an cesophageal lesion. At times 
p' monary cedema may result from uremia. 

The Kidneys. From microscopical studies it appears to be the exception for hypertension to 
re ult from renal involvement (Moore and Sheehan, 1952); in fact, several authors, among them 
G | (1951) and Goetz (1951), have emphasized the tendency of the blood pressure to drop as the 
di ease progresses. Even so, when hypertension is severe, retinal exudates and hemorrhages 
my accompany it, and it may constitute the cause of death (Ellman, 1938). In a series of 38 
p: tients with renal involvement studied by Evans et al. (1953), only two had hypertension. When 
the kidneys are extensively involved, death is usually from renal failure, but there is no doubt that 
occasionally the disease, by involving the kidney, can lead to hypertension pre-terminally, as in two 
p< tients described by Pollack (1940), or can result in sudden hypertensive heart failure with pul- 
monary cedema (Barnes Hospital Report, 1953). Moore and Sheehan (1952) collected eleven 
resorted instances of major renal impairment, and although all showed a raised blood urea there 
was no example of malignant hypertension among them. On the very rare occasion that malig- 
nant hypertension is found, together with sclerodermatous renal changes, histological studies of 
the kidney may fail to reveal which disease came first, as the microscopic appearances may be 
identical (Kincaid-Smith et a/., 1958). When hypertension arises as a result of sclerodermatous 
renal involvement, it is usually pre-terminal and sometimes appears to be precipitated by cortisone 
therapy (Sharnoff et a/., 1951). 




































INVESTIGATIONS 


Cardiac Radiological Findings. The cardiac silhouette may be enlarged, and Weiss et al. (1943) 
found that all six of their patients with radiographs showed a strikingly similar appearance, with 
moderate to considerable cardiac enlargement giving a triangular outline to the heart. Cardiac 
pulsation was apt to be of poor amplitude. The appearance did not suggest hypertensive or valvular 
disease, but suggested rather myxcedema or a pericardial effusion. The latter, of course, is not 
infrequently found at autopsy. 

Sometimes the appearance is typical of left ventricular enlargement (East and Oram, 1947). 
Although at times enlargement may develop during the course of the disease, as in some of our 
patients, there would appear to be no specific or even suggestive shape to the heart radiologically 
(see Fig. 1 and 2). It is not uncommon for the heart silhouette to be normal, notwithstanding 
electrocardiographic evidence of myocardial involvement. Most of Goetz’s (1951) patients had a 
normal cardiac silhouette, although the kymogram showed blunting of the cardiac excursions in four 
of them, and in three that came to autopsy the lesion was confirmed histologically. 

Lung Radiological Findings. There is no doubt from autopsy studies that the radiograph may 
give little or no hint of surprisingly extensive microscopic changes in the lungs. The first case that 
we can find in which changes in the lungs due to scleroderma were diagnosed radiologically is that of 
Murphy ef al. (1941). In the present series of previously reported cases pulmonary fibrosis, with 
or without cystic change, was diagnosed radiologically in nine, but at autopsy the changes were 
present in seventeen. When present, radiological change often begins in the central portion of the 
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Fic. 1.—Gradual increase in size of the heart and in the degree of reticulation of lungs over a period of three years. 
(A) 27/1/53. (B) 15/12/55. Case 1. 
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Fic. 2.—Increase in heart size, also over three years. The cardiac silhouette is, however, of different shape compar d 48 of 
with Fig. 1, the pulmonary artery shadow being prominent. The lung fields have become clearer. Thee 
was no evidence of cor pulmonale. (A) 6/5/55. (B) 20/6/58. Case 5. due t 
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lower zone, either interstitial fibrosis or cyst formation. Cystic change is often present at autopsy 
bu’ unsuspected during life; and it is sometimes more readily demonstrated in an over-exposed 
filr: (Aronsen and Wallerstein, 1950). It may result in spontaneous pneumothorax. Sometimes 
un ‘ateral or bilateral pleural effusions are present. The progressive fibrosis of the lungs is related 
to ‘he generalized sclerodermatous process (Lloyd and Tonkin, 1948), but undoubtedly some of the 
rec irring episodes of localized pneumonitis and pleurisy are the result of “spillover” from the 
dis ase leading to cesophageal atony or obstruction, and it is interesting that some of the cases 
rer »rted by Weiss et al. (1943) were thought to show an appearance suggestive of bronchiectasis or 
lip id pneumonia. Nevertheless, Lloyd and Tonkin (1948) have published illustrations of four 
pai ents showing a remarkable similarity in their chest radiographs: the appearances were those of 
ad ffuse fibrosis, which was obviously generalized and yet at the same time predominantly basal in 
dis ‘ibution. This appearance can exist in the absence of detectable dermatological changes. At 
tin :s pulmonary calcification is seen (Leinwand et al., 1954), as in our Case 20. An X-ray of the 
che st in all cases with the Raynaud phenomenon might well reveal further cases of systemic sclero- 
dei na. Apparently the appearance has not been recorded in association with dermatomyositis. 
X-ray of Soft Tissues. In systemic scleroderma, deposits of calcium may be found scattered 
thr ughout the body, at times unaccompanied by other evidence of the disease. Their detection 
in : ny cardiopathy of obscure nature is of obvious importance. The commonest site is the fingers 
esp ‘cially near the tips, and such patients invariably have severe and obvious sclerodactyly—the 
so- alled Thibierge-Weissenbach syndrome (1910) (Fig. 3). However, at times the calcinosis does 





Fic. 3.—Circumscribed calcium deposits in the fingers (Thibierge-Weissenbach 
syndrome). Case 10. 


not reveal itself clinically and may be discovered unexpectedly by the radiologist. Common sites 
for such deposits are the region of the shoulder joints and in the neck (Fig. 4). 

Electrocardiogram. A\though it is certain that the electrocardiogram may at times be normal 
when the heart is involved in the sclerodermatous process, and indeed Leinwand et al. (1954) quote 
such a case with extensive myocardial changes, the electrocardiogram was, in fact, abnormal in 
48 of the present 49 cases (Table V). However, the changes are non-specific and at times may be 
due to the resultant chronic cor pulmonale or to digitalis. Nevertheless, the importance of the 
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Fic. 4.—Showing calcinosis in soft tissues other than the heart. (A) Calcium deposits in region of left shoulder nd 
larynx and in both lungs. Moderate cardiac enlargement and some sclerodermatous infiltration at both lung 
bases. Case 4. (B) Calcinosis in region of right shoulder. Moderate cardiac enlargement. Case 15. 

TABLE V 


ELECTROCARDIOGRAPHIC FINDINGS IN 49 CaAsEs* OF SCLERODERMA HEART DISEASE 





| 


Altered Rhythm Conduction Defect Ischemic Change Unclassified 





Extrasystoles: Prolonged P-R interval 10 | T wave inversion <- S| ae. & EVE... 
ventricular .. i Short P-R interval .. 2 | Resemblinginfarct .. 3) L.V.P. is sti 
atrial .. se a R.B.B.B. .. 8 | T waves flatorlow .. 5 | Notched P waves .. 
multifocal .. ey L.B.B.B. n .. 3 | S-T depression .. 4} Prominent P waves 

Atrial fibrillation i Complete heart block 2 

Atrial flutter Pe 

Ventricular fibrillation 





* 48 patients had one or more electrocardiographic abnormality. 


electrocardiogram cannot be over-emphasized, because, although the changes are in no way specific 
and are commonly slight, they may represent the first and indeed the only clinical evidence of cardiac 
involvement. Of 31 patients with typical scleroderma of the skin but without clinical or radio- 
logical evidence of visceral involvement, Escudero and McDevitt (1958) found that 8 had abnormal 
electrocardiograms which could not be explained otherwise. 

The commonest finding due to myocardial involvement is an abnormally low voltage. Sinus 
rhythm is the rule, but extrasystoles, usually ventricular and sometimes multifocal, are very frequent. 
Partial heart block (Weiss et al., 1943), which at times may proceed to become complete (East «nd 
Oram, 1947), has been noted, and both right bundle-branch block (Goldman et al., 1954) and eft 
(Weiss et al., 1943) have appeared. Right bundle-branch block may at times be transient as in on: of 
our patients, or at other times it appears gradually over a period of months or years (Fig. 5). In 
one of Goetz’s (1945) cases all the heart beats were extrasystoles, which originated from ei ht 
different foci. We have records from one patient that suggested considerable hypertrophy of he 
left ventricle, yet there was only moderate enlargement radiologically and the blood pressure \/as 
normal (Fig. 6). Ischemic T-wave changes occurred in five patients, and at times the cardiograr nic 
appearance may be apparently diagnostic of cardiac infarction, as in three of our patients. Ve 
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‘IG. 5.—Electrocardiograms showing increasing right axis deviation and the development of incomplete right 
bundle-branch block. (A) 19/2/54. R in V4 was 20 mm. (B) 2/1/56. Case 1. 
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were struck by the complete absence of cardiac pain in three of these (Cases 6, 11, and 15) althou :h 
in two of the three, the electrocardiogram showed the appearance of postero-apical infarctic 1, 
and in the third of antero-septal infarction. We suggest, therefore, that the association of in 
electrocardiogram apparently pathognomonic of cardiac infarction and of the absence of card ic 
pain may have some diagnostic value. If hypertension comes on rapidly the appearance of | ‘ft 
ventricular strain may be found on the electrocardiogram (Barnes Hospital Report, 1953). 

Notching of P waves in standard leads was reported by Escudero and McDevitt (1958) in 45 
per cent of a group of 31 patients with scleroderma but without evidence of visceral involveme it, 
and in 60 per cent of a second group of scleroderma with clinical or radiographic evidence of visce ‘al 
lesions. We have found this in an occasional electrocardiogram but do not regard notching of he 
P waves as a common characteristic of scleroderma hearts. Slurring of the R or S waves v as 
similarly met, but this feature was not outstanding among the wide variations of abnormalit es 
noted. Mustakallio and Sarajas (1954), examining cardiograms from seven sclerodermat: us 
patients with no clinical evidence of cardiac involvement, found that minor abnormalities, includ ns 
a full-length P-R interval and slightly prolonged QRS, were common and the Q-T interval was 
prolonged in all. 

Cardiac Catheterization. We have been unable to find a published report of catheter study 
in scleroderma heart disease. From consideration of the extensive myocardial involvement and 
the presumed interference with contraction and relaxation, findings not unlike those of any other 
cardiopathy, such as amyloidosis or isolated myocarditis, might be expected, namely a right veniri- 
cular tracing showing a sharp dip in early diastole, followed by a flat diastolic plateau. Possibly, 
too, the atrial tracing would show a steep y descent and trough. 


PATHOLOGY 


The Heart. The essential lesion, as pointed out by Weiss et a/. (1943), is found in the myocardium 
itself, and consists of scars of unusual type. Of 28 cases previously recorded with autopsy reports, 
the myocardium was involved in 25 (Table I). As a rule, the weight of the heart is not grossly 


increased, being 500 g. or more in only four, and in more than half it weighed less than 400 g. . 


The lesion involves predominantly the myocardium and extends to the epicardium and endo- 
cardium only secondarily and to a slight degree. The scarring may form white or yellowish 
streaks or grey translucent speckling throughout the whole thickness of the myocardium, or may 
merely cause some naked eye pallor of the muscle. The lesions are not in any particular relation- 
ship to arteries, and even the finer branches of the arterioles usually remain unaffected. In contrast 
to the scarring of vascular lesions, hemosiderin deposits are entirely absent. The change in the 
myocardium is usually patchy, normal areas of muscle fibres being interspersed with areas where a 
rather unusual type of connective tissue is increased (Fig. 7A). In the early stages connective 
tissue contains numerous fibroblasts and the collagen fibres are not coarse with an increased calibre, 
as are those found when the skin is involved (Fig. 7B). Sometimes there are so many capillaries 
present that the histological appearance resembles that of young granulation tissue as in the paticnt 
described by Hurley et a/. (1951), but later extensive hyaline scarring appears. 

Some workers are of the opinion that the muscle fibres atrophy as a result of pressure from the 
sclerodermatous tissue, but East and Oram (1947) thought from the microscopic appearance of 
the lesions that probably, for some unknown reason, patches of muscle fibres died and were tl en 
replaced by the sclerodermatous process, and likened the pathological event to Strauss’s tone po m 
Death and Transfiguration. Whatever the cause of the atrophy of the cardiac muscle fibres may »e, 
it is certainly not the result of any interference with the blood supply to the myocardium. 

In the cases examined at autopsy, pericarditis is common, with or without effusion, and occur 2d 
in two-thirds of our collected series (22 of 31 cases). Lewin and Heller (1895) found that peric r- 
ditis was present in 8 of 29 cases that came to post-mortem examination, but it is possible that so 1¢ 
of these were due to other causes such as tuberculosis and rheumatism. Two of the six ca es 
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Fic. 7.—(A) Heart muscle. (B) Skin. The heart shows patchy microscopic changes with normal areas of muscle 
fibres interspersed with areas of increased connective tissue. The collagen fibres are not coarse or dense, unlike 
those in the skin. In the heart the arterioles are plentiful in the collagenous tissue and remain unaffected by it, 
but in the skin they tend to be obliterated. Both sections stained with hematoxylin and eosin. Magnification, 
x36. Case 2. 


reported by Matsui (1924) had a pericardial effusion, and Bevans (1945) states that pericarditis is 
not uncommon and is not necessarily due to uremia, which may terminate the disease. 

The epicardium may be cedematous or fibrotic, and microscopically flecks of calcium are some- 
times detectable (Durham, 1928). Atleast one, and possibly two, examples of atypical non-bacterial 
verrucous endocarditis occurring in generalized scleroderma have been reported by Spiihler and 
Morandi (1949). At autopsy, in addition to diffuse scleroderma with chronic interstitial pneumonia 
and fibrinous pericarditis with effusion, there were, on the atrial surface of the anterior mitral cusp, 
several pea-sized craggy vegetations resembling the non-bacterial verrucous endocarditis of Libman 
and Sacks (1924; their Case 1). Two of our collected series of previously reported autopsies had 
involvement of both the mitral and tricuspid valve, two had the mitral valve affected only, and in 
one the chorde tendinez were involved. 

The Lungs. The first description of pulmonary lesions in scleroderma has been credited to 
Finlay (1889). Thickening of the alveolar septa due to infiltration with mononuclear cells, plasma 
cells, and polymorphonuclear leucocytes may occur, and lead to diffuse fibrosis of the alveolar wall 
and obliteration of the capillaries. This fibrotic change may become hyaline, and Getzowa (1945) 
has described a cystic type of sclerosis in the interstitial tissue of the lung parenchyma caused by 
hyaline fibrotic change. Church and Ellis (1950) think that obstruction and associated infection 
lead to emphysematous bulla formation and that this is responsible for some of the cystic change. 
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The muscle coat of many of the smaller bronchi may be replaced by fibrous tissue, and the arter :s 
and arterioles may show thick walls with sclerosis (Aronsen and Wallerstein, 1950). There is o 
doubt, too, that infarction of the lung from spillover due to oseophageal involvement by the disez ie 
is responsible for some of the pulmonary findings, and bronchopneumonia is one mode of dea 

The pleura may be thickened, and unilateral or bilateral effusion is not uncommon, but is 
appearance is often late in the disease and then sometimes results from cardiac failure. 

The Kidneys. As in the myocardium, the pathological change may be patchy and normal are 
may appear in juxtaposition with severe involvement or with minimal change. The surface of t 
kidney may be uneven and show pinpoint hemorrhages (Germuth and Alexander, 1953), or clos: 
resemble a shrunken arteriosclerotic kidney if the vascular changes are widespread (Matsui, 192 
Kincaid-Smith et al. (1958) record details of a woman aged 38, who died as the result of fulminati 
malignant hypertension and scleroderma, which led to rapidly progressive renal failure and oligur : 
these workers are of the opinion that where the renal vessels are involved in scleroderma, the lesic is 
may be virtually identical with those found in malignant hypertension. A severe degree of narrc /- 
ing of the interlobular arteries due to cellular intimal hyperplasia results, and fibrinoid necrosis n 
the afferent arterioles and glomeruli occurs in cases of scleroderma, both in those with raised and 
those with normal blood pressure (Moore and Sheehan, 1952). Kincaid-Smith et al. (1958) were 
unable to confirm the claim of these authors that the renal changes histologically are specific and 
that this condition can usually be differentiated histologically from malignant hypertension. Some- 
times the vessels are occluded by organizing thrombi, and the glomeruli may show hyalinization 
with thickening of Bowman’s capsule and the so-called wire-loop appearance, originally thought to 
be typical of systemic lupus erythematosus. Rarely, calcium deposits are present in the kidneys 
(Kusunoki, 1939; Horn, 1941). 

Until the final phases there may be little indication that the kidneys are affected, the blood 
pressure rising with the onset of azotemia (Leinwand et al., 1954; and Moore and Sheehan, 1952). 
Hungarian observers have recently suggested that normal results to common tests of glomerular 
function until the terminal stages might be explained by a spasm of the efferent vessels that com- 
pensates for the reduced flow in the preglomerular arteries. According to these authors (Urai 
et al., 1958) the characteristic pattern of “true scleroderma kidney,” instead of developing at a 
terminal stage, might be of earlier origin: clinical manifestations would rapidly occur when the 
compensatory mechanism fails. 


~ 


-- TO W< On 


MODES OF CLINICAL PRESENTATION 


Systemic scleroderma may present to the cardiologist either as a cardiac abnormality or as a 
result of a false symptom or sign incorrectly assumed to be of cardiac origin, in one or more of the 
following ways. 


(A) Cardiac Abnormalities 


1. Heart Failure 
(a) Primary myocardial involvement, with either a normal, or an abnormal rhythm. 
(b) Secondary to (i) chronic cor pulmonale, (ii) valvular incompetence, mitral most commo:- 
ly, or (iii) hypertensive renal scleroderma or steroid therapy. 
2 Pericarditis. May be mistaken for infective origin or for cardiac infarct when pericard: ‘s 
precedes other evidence of scleroderma. 
3. Cardiac Pain. Resembling angina of coronary ischemia or infarct. 
4. Arrhythmia. Extrasystoles; atrial fibrillation, flutter, or tachycardia; or rarely ventricu ir 
tachycardia. 
5. Syncope. Stokes-Adams attacks and conduction defects. 
6. Incidental Findings on Routine Examination without Symptoms. 
(a) Cardiomegaly. 
(b) Heart block—any degree. 
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(c) Electrocardiograms of unexplained low voltage or mimicking ischemia or infarct, etc. 
(d) Murmurs, most commonly mitral regurgitation. 


(B\ False Symptoms and Signs arising Outside the Cardiovascular System 
1. Pain in chest and upper abdomen. 
(a) Csophageal. 
(5) Parietal. 
(c) Pleural. 
(d) Peritoneal. 
(e) Pulmonary infarct. 
2. Dyspnea. 
(a) Pulmonary scleroderma, accentuated by infective or obscured by congestive elements, 
and by pleural effusions. 
(b) Parietal scleroderma—constriction of thoracic integument with weakness and fibrosis 
of respiratory muscles. 
(c) Uremia. 
(d) Anemia—nutritional. 
3, CEedema. 
(a) Local, in early phases of advancing scleroderma of periphery. 
(b) Dependent from anemia, poverty of movement, or low serum proteins. 


TREATMENT 


Treatment is unsatisfactory as the cause of the disease is still unknown, but there is no doubt 
that some patients can be improved and life prolonged by the use of adrenal glucocorticoids and 
corticotrophin provided a high dose is used. As a rule the underlying scleroderma is not greatly 
benefited, and skin biopsy shows little or no alteration; but we have seen four patients where move- 
ment of the shoulder girdle and the degree of chest expansion were improved remarkably after other 
therapy had failed to benefit. Unfortunately, when therapy is stopped, the patient’s condition 
usually regresses rapidly to its former state (Kierland et a/., 1952). A word of warning is necessary 
regarding both corticosteroid and corticotrophin therapy, namely that great caution is necessary 
if these hormones are used in the presence of renal involvement. Sharnoff et a/. (1951) give details 
of a patient where cortisone and corticotrophin appeared to cause severe and fatal malignant 
hypertension within ten weeks. On the other hand, Leinwand et al. (1954) mentioned two patients 
with hypertension whom they treated with cortisone, and in one the blood pressure fell satisfactorily 
though the other was unaffected. 


SUMMARY 


Involvement of the heart by scleroderma is comparatively rare. Only twenty-eight reported 
patients have been found in whom adequate clinical description has been coupled with autopsy 
confirmation. In our own series of twenty-one cases, evidence that the heart was affected by 
scleroderma was beyond doubt and confirmed by autopsy in four. 

Heart failure in systemic scleroderma is more commonly due to chronic cor pulmonale than to 
direct cardiac involvement. Clinical evidence of cardiac involvement usually arises late in the 
disease, but may precede the recognition of scleroderma elsewhere in the body. The myocardium 
is most commonly affected, the pericardium next, and the valves and endocardium least frequently. 
The pericardial lesion is usually clinically silent. 

The earliest evidence of scleroderma heart is found in the electrocardiogram, which should not be 
omitted from the investigation of any case of systemic scleroderma. The cardiographic changes are 
numerous and not specific, but the diagnosis is suggested if the appearance resembles that of cardiac 
infarction in the absence of any history of cardiac pain. 

s 
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In any obscure cardiopathy evidence of calcinosis should be sought, not only in the he: rt, 
lungs, and pleura, but elsewhere in the body in apparently unaffected soft tissues. 


ADDENDUM: NECROPSY OF CASE 15 


Case 15. Woman, aged 77. Cardiovascular System. Heart weight 595 g. Slight excess of pericar: ial 
fluid. Much left ventricular hypertrophy with some thickening of right ventricular muscle and dilatatio. of 
left atrium. Tricuspid valve little stenosed; mitral valve increased fibrosis of cusp margins. Pulmor. ry 
valve normal. Aortic valve gross thickening and calcification of all cusps. Myocardium extremely f m 
on slicing but no macroscopic evidence of fibrosis. 

Microscopically, diffusely arranged, newly-formed fibrous tissue splitting up muscle fibres and in pli :es 
leading to their degeneration. Much lymphocytic infiltration and some collections of histiocytes. Benc .th 
the pericardium and under the endocardium, lymphocytic infiltration and some increase in fibrosis. No 
evidence of cardiac infarction. 

Respiratory System. Large bilateral serous pleural effusions. Lungs greatly reduced in size, left mre 
than right, due to fibrosis of lower lobes, especially at the periphery. 

Microscopically, considerable fibrosis of interstitial tissue with a number of spaces lined by dar«<ly 
staining cuboidal epithelium. 

Kidneys. Little reduced in size. Capsules stripped with difficulty, leaving coarsely granular surface, 
On section, blurring of cortico-medullary margins. Microscopy showed chronic pyelonephritis. 


We wish to record our grateful thanks to the following for permission to use the records of their patients: Dr. 
Howard Nicholson (Case 1), Dr. Michael Good (Case 3), Dr. Peter Bishop (Case 4), Dr. Gwyn Evans (Case 5), 
Dr. Bevan Jones (Case 6), Dr. J. L. Livingstone (Case 8), Dr. D. I. Williams (Case 10) and Dr. Sydney Thomson 
(Case 11); also to Dr. D. S. Wilkinson for dermatological opinion and to Dr. H. J. Harris for pathological reports 
(Case 3). 
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THE EFFECT OF EXERCISE ON THE ELECTROCARDIOGRAM 
IN HEALTHY SUBJECTS 
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The diagnosis of coronary arterial disease may often be difficult. In most ambulant patients with 
such disease, clinical examination reveals no abnormal signs. Although a high proportion of patients 
who give a history regarded as classical of cardiac pain will show an abnormal electrocardiogram, 
it is known that a number have a normal tracing and that in some of these, the subsequent progress 
has proved that the pain had a non-cardiac source. Moreover, some patients whose subjective 
symptoms do not exactly conform with those identified with coronary arterial disease are later 
proved to have the disease. Having regard, therefore, to the not infrequent unreliability of the 
history, the sparsity of physical signs, and the uncertainty of some cardiographic changes while the 
patient is at rest, the exercise electrocardiogram has sometimes been regarded as a way of judging 
the real contribution that each can make to the diagnosis. 

The exercise test is intended to determine the adequacy of the blood supply to the myocardium 
at a time when the demand for such a supply is increased temporarily by exercise. As its main 
purpose lies in the objective confirmation of the diagnosis of coronary arterial disease, it is imperative 
to know the natural changes that occur in healthy subjects after exercise. Because opinion is at 
variance on the interpretation of tracings recorded after exercise, there is need to define the kinds of 
change that unequivocally denote ischemia of the myocardium and constitute a positive test. In 
this connection it is essential to recognize the effects that physical effort with its associated tachy- 
cardia can produce in electrocardiograms from normal subjects, and, on the other hand, to be 
familiar with the slight abnormalities that signify cardiac ischemia. The purpose of this investi- 
gation is to contribute to the solution of this problem. 


MATERIAL AND METHODS 


The investigation was carried out on 67 subjects who, following clinical, radiological, ard 
electrocardiographic examination, were judged to be healthy. The analysis of the effects of exercise 
on the physiological electrocardiogram in health was made on the records obtained from this grou». 
None of them gave a history of chest pain. All were free from abnormal physical signs, and tlie 
blood pressure was normal in each. Fluoroscopy of the heart and lungs was always normal. Tie 
electrocardiograms at rest were critically inspected and were found to be physiological in all; 1.0 
subject showed any of the lesser signs of myocardial injury described by Evans and McRae (1952) 
and Evans and Pillay (1957). It is impossible to provide a group of normal subjects in this a ze 
group who are indisputably free from coronary atheroma. By the adoption of the rigid criteria 
of selection described, however, the incidence of coronary arterial disease in this group has be :n 
reduced to a minimum. 

All the electrocardiographic records were taken with the patient in the semi-recumbent positic 2. 
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Normal standardization (1 mv.=1 cm. deflection) was employed throughout. The leads used in 
each subject were the three standard limb leads, lead IIIR (lead III recorded during deep inspiration) 
an the chest leads CR1, CR4, and CR7. All the records were taken with the Elmqvist three-chan- 
nel electrocardiograph. Tracings were taken before exercise, and at intervals of two, four, and ten 
mi: utes after completion of the exercise. In each instance the same seven leads were recorded. 
Pa ticular importance was attached to the taking of records at intervals of four and ten minutes after 
exe ‘cise because several authors have recognized that the development of ischemic patterns may be 
de! :yed (Levan, 1945; Wood et al., 1950; Holzman, 1952; Scherf and Boyd, 1953; Goldberger, 1953; 
an Manning, 1957). 

An exercise test should be so arranged as to increase the demand for coronary blood flow to the 
po it where any appreciable obstruction of the coronary arteries leads to a deficiency of blood 
suj ply. This stage varies not only from patient to patient, depending on factors other than age, 
we zht, and sex, but also from time to time in the same patient. It seems unwise to prescribe a 
un orm amount of exercise as recommended by Master (1942), and Manning (1957) has been 
cri cal of the test as devised by Master (1929) because he found that 24 per cent of 200 very care- 
ful y investigated young men, aged 18 to 24 years and considered fit for full flying duties, would have 
to »e regarded as abnormal according to the criteria that he set. 

The exercise used in this investigation consisted of the repeated ascent and descent, at room 
ter perature, of a two-step staircase, designed according to Master (1929), each step being nine 
inc ies high. The 67 subjects were asked to exercise in such a way that both the rate and the total 
an dunt of work would be approximately equal but would not exceed the maximum to which they 
we .ild expose themselves during their ordinary everyday activities. They continued until they were 





= om 


| haited by dyspnoea or fatigue. The majority exercised for three minutes. None developed chest 


pain. 
Among the 67 cases 59 were men, of whom 14 were aged between 21 and 29 years, 8 between 
30 and 39 years, 22 between 40 and 49 years, 13 between 50 and 59 years, and 2 were over 60 years 
of age. Four of the eight women were aged between 40 and 49 years, three between 50 and 59 
years, and one was aged over 60 years. The average age of the men was 44 years and of the women 
49 years. 


THE CARDIOGRAPHIC CHANGES DESCRIBED 


The P Waves. The P waves after exercise usually show some increase in amplitude, and not 
infrequently, an increase in duration. These changes are seen particularly in leads II and III 


} (Holzman, 1952). The increased amplitude of the wave in these leads has been related to deviation 
| of the P wave axis to the right, and this in turn to a more depressed position of the diaphragm after 


exercise (Lepeschkin, 1951). This deviation may explain the fact that an inverted P wave in lead 
Ill may become upright after effort. Evans (1951) found that the P wave became taller, on inspiration 


only, in 109 of 173 healthy subjects in whom the wave was upright in lead III. 


Increased voltage of the P wave after exercise in the present series was common and it was most 


| often observed in leads II and III; an obvious increase in one of these leads was observed in 25 


subjects, a small increase in 19, and very little or no increase in 17 subjects. The increase was more 
obvious in the chest leads in three subjects. In five, in whom there was inversion of the P wave in 


| lead III at rest, the wave became upright after exercise. Inversion of a P wave, upright at rest, 


occurred in lead III on one occasion. 

Usually when the P wave became increased in amplitude, the increase affected both the right 
and left atrial components. Occasionally the change affected either one or other component 
predominantly (Fig. 1). In some cases, the right atrial component became smaller and if this 
effect was enough to make the wave iso-electric, the P—R interval in that lead appeared to be shorter. 

Of the 25 cases that showed an obvious increase in the P wave, 4 showed no alteration in the 
direction of the QRS axis, 13 a deviation of the axis to the right of from 1° to 37°, and 7 a deviation 
to the left of up to 9°. 








H. G. LLOYD-THOMAS 





Fic. 1.—Electrocardiograms from healthy subjects (A and B); lead 
II, at rest (1) and two minutes after exercise (2). In both 
subjects the P wave is increased after exercise; the change 
dominantly affects the right atrial component in A and the left 
atrial component in B. 





Fic. 2.—Electrocardiograms from two healthy subjects 
(A and B); lead II, at rest (1) and two minutes after 
exercise (2). (A) The P-R interval is increased 
slightly after exercise due to the presence of a larger 
P wave. (B) The P-R interval is increased after 
exercise due-to the longer P-R segment. 


The P-R Interval. The P-R interval or P-Q interval, measured from the beginning of the 
P wave to the onset of the R wave or the Q wave respectively, usually remains unaltered after 
exercise, or there may be a slight shortening of between 0-01 and 0-02 second (Holzman, 1952). 
The same author has observed that a slight prolongation of the interval may be a normal reaction 
where the beginning of the P wave is indistinct at rest. Such an increase does not cause the P-R 
interval to exceed 0-22 second (Lepeschkin, 1951). 

No alteration of the P-R interval, measured correct to the nearest 0-01 second, was obser:ed 
in 53 of the 67 cases. In eleven cases, the P-R interval was increased, due to larger P waves in 
seven and to longer P-R segments in four cases (Fig. 2). The P-R interval became shorter in 
three, and in each this was due to diminution of the size of the P wave, the initial portion of the ri :ht 
atrial component having become iso-electric. 

The P-Q Segment. The P-Q segment is the portion that joins the end of the P wave to the si art 
of the QRS complex. The segment usually shows depression after exercise. This has b en 
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regarded as being due to accentuation of the atrial T wave. According to current theory, the area 
sutended by the P wave is equal in size but opposite in polarity to the area of the Ta wave. As the 
Tz wave shortens with tachycardia, it must deepen in order to keep its area equal to and opposite 
to that of the P wave (Scherf and Schaffer, 1952). This effect should theoretically be larger if the 
an plitude of the P wave increases. 

In the series investigated, slight depression of the P-Q segment developed in 38, and greater 
de oression in 25 subjects. In four, no change in the level of the P-Q segment could be detected. 

In the 25 showing marked depression of the P-Q segment, this change was more obvious in 
lee 1 II in 11 (Fig. 3) and in the chest leads in 12 cases. Conspicuous depression of the P-Q segment 





f 2. 3 


Fic. 3.—Electrocardiogram from a healthy subject at rest (1) 
and at intervals of two minutes (2) and four minutes (3) 
after exercise. The atrial T wave is more obvious in 
lead II. 


was observed in either lead CR4 or lead CR7 in 16 and in all the recorded leads in 3 cases. 
Wood et al. (1950) found that marked depression of the P-Q segment causing corresponding 
depression of the S-T segment was most common in lead II, but it was uncommon in left ventricular 
surface leads. 

Of the 25 subjects who developed obvious depression of the P-Q segment, 15 showed a distinct 
increase in the voltage of the P wave and 8 showed either no, or only a slight, increase. In the 
remaining 2, the P wave inverted in lead III at rest became upright after exercise. 

No subject showed elevation of the P-Q segment in the presence of an upright P wave, nor a 
depression in the presence of an inverted P wave. 

The QRS Complex. Changes in the duration of the QRS complex cannot as a rule be determined 
with certainty when the usual electrocardiographic technique is used. Using film velocities of 
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100-150 mm. per second it can be shown that the QRS duration may be reduced by two mii i- 
seconds after exercise (Lepeschkin, 1951). The QRS axis frequently deviates to the right af >r 
exercise (Scherf and Schaffer, 1952), but it is rare for the axis to be deflected to the left in healt iy 
subjects (Holzman, 1952). Although alterations of the R waves and S waves may be partly relat :d 
to changes in the QRS axis, other factors are involved. 

In the present series, the QRS interval showed no measureable decrease, nor did it beco! ie 
significantly prolonged in any case. There was no alteration of the axis of the QRS in 13 subjects a 
deflection to the right in 43, and to the left in 11 subjects. 

The configuration of the QRS complex in lead CR4 was such that the R wave was larger th in 
the S wave in 51, equal to the S wave in 2, and smaller in 14 subjects. After exercise, 20 showec a 
reduction in height of the R wave not exceeding 1 mm., 21 a loss of 2 mm., 11 of 2-3 mm., 2 of 
4-6 mm., and in | case only a loss of 10 mm. An increase in size of the R wave of 2 mm. was 
observed in five subjects, of 2-4 mm. in four, of 4-6 mm. in two and of 12 mm. in one case. 

When the total amplitude of the QRS complex in lead CR4 was considered, there was no alterati »n 
in 4 subjects, an increase of R wave balanced by an equal loss of S wave in 22, a gain in amplitu Je 
due to increase of both R and S waves in 12, and a gain due to larger R waves in 3 subjects. A 
reduction in amplitude of the complex occurred in 18 cases, in all of which it was due to diminution 
in the size of the R wave. In no case did the R wave decrease below a value representing 64 per 
cent of its height at rest. No subject developed a very low R wave in this lead. 

The S-T Segment. The junction of the QRS complex and the S-T segment is referred to as 
‘J’ (Fig. 4). In the tachycardia that follows exercise, there is a tendency for the T wave to become 
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Fic. 4.—Diagrammatic tracing, showing atrial and ven- Fic. 5.—Diagrammatic representation of an accentuated 
tricular complexes, to illustrate the position of J. atrial T wave (Ta or Tp wave), which may persist 
beyond the QRS complex to produce corresponding 
depression of the early portion of the S-T segment 
as well as depression of the P-Q segment. The 
duration of the atrial T wave is represented by the 

dotted line. 


joined to the P wave of the following beat. Furthermore, exercise frequently increased the voltage 
of the U wave leading to a still greater elevation of the T-P segment. In these circumstanc:s, 
comparison of the level of the J with this elevated T-P segment gives an erroneous appearance of 
S-T depression. It is, therefore, essential that the level of the J should be judged in relation to the 
point where the P-Q segment meets the QRS complex. 

It is important when studying the configuration of the S-T segment that two or preferably three 
complexes recorded on a steady base-line should be available for analysis in each lead. Care should 
be taken not to include in measurement of the duration of the S-T segment, a portion of the Q’’S 
that is iso-electric. When simultaneous leads are recorded, it is usually simple to detect that in 
iso-electric portion of the tracing is occurring during the time of the S wave. When a single chan el 
machine is used, greater care is required (Fig. 6 and 9). 
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Fic. 6.—Diagram to show that where part Fic. 7.—Diagram to illustrate the dif- 
of the QRS complex is iso-electric, the fering configurations of the S-T 
effect is to make the measured S-T segment (indicated by the dotted 
segment appear prolonged. This line). Rapid rise (1), slow rise (2), 
effect is more easily discerned when plane (3), and sagging (4, 5, 6, 7). 


simultaneous leads are recorded. The 
beginning of the S-T segment co- 
incides with the vertical line in each 
tracing. 


Practically all authors are convinced of the importance of alterations in the S-T segment in 
the diagnosis of myocardial ischemia. A good deal of discussion has centred on the distinction 
between the changes in the S-T segment to be expected in healthy subjects and those that indicate 
inadequate coronary blood flow. A further problem is the relative importance of depression of 
the J and of the configuration of the S-T segment as separate features. 

It is necessary in the first place to appreciate the changes in the S-T segment that may occur 
with tachycardia alone. These are partly due to the enhanced atrial T wave (Fig. 5), an effect 
that had been observed by Einthoven in 1908. Most authors would regard a depression of the J, con- 
sidered in relation to the P-Q segment, in excess of 1 mm. as abnormal, and almost all would agree 
that a depression of 2 mm. is pathological in the absence of a very tall R wave (Holzman, 1952). 
Wocd et al. (1950) have, however, asserted that since depression of the J is a finding in normal 
subjects, there is no point in trying to distinguish between normal and ischemic subjects on this 
ground. 
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In the present series, there was no depression of J relative to the P-Q segment in 29 of the 57 
subjects: 28 showed such a depression to the extent of 0:25 mm. or less, 8 to 0-5 mm., and 2 :o 
0-75 mm. None showed a depression of 1-0 mm. or more below the P-Q segment. 

The normal configuration of the S-T segment in the electrocardiogram at rest is famili r. 
Having previous knowledge that the segment is commonly changed in the presence of coron: ry 
arterial disease, and, in order to assess the kind of change that is to be regarded as pathologic il, 
it was necessary to seek these abnormal varieties in the exercise tracings in this series of norn al 
subjects. Included in such changes were depression in any of the three parts of the segment, ear y, 
middle, and late, giving rise to the kinds of S-T segment described as trough, plane or wing depressi »n 
by Evans and McRae (1952). Twiss and Sokolow (1942) were among the first to comment >n 
flattening of the main portion of the S-T segment in electrocardiograms at rest or after exercise in 
their patients with classical cardiac pain. Puddu (1939) had previously called attention to t1e 
change in the angle between the S-T segment and the ascending limb of the T wave after exerc se 
in patients with coronary arterial disease. 

When the S—T segment in this normal group was analysed, it was apparent that its configuration 
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Fic. 8.—Electrocardiogram from a Fic. 9.—Electrocardiogram from a 
healthy subject before (1) and two healthy subject before (1) and two 
minutes following exercise (2). The minutes after exercise (2), showing 
S-T segment after exercise shows a slow ascent of the S-T segment in 
fairly rapid ascent. lead CR7. A portion of the QRS 


complex in lead CR7 is iso-electric, 
producing an apparent increase in 
the duration of the S-T segment. 
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1e 37 conforms to some four designs (Fig. 7). The first shows a fairly rapid rise, with an obviously 
2 0 concave upper border, to the peak of the T wave (Fig. 8). In the second, the segment rises slowly, 
but it retains its upper concave outline (Fig. 9). The remaining two designs in this group of normal 

ili. subjects were found in leads III and IIIR alone. In the third, the rise is delayed so that S-T seg- 

ni ry went remains flat for a prolonged period, producing a plane (or horizontal) configuration (Fig. 10). 

gic il, Ir the fourth, there is descent of the S-T segment from the level of the J with the production of a 

rn al se gging configuration (Fig. 11). 
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Fic. 10.—Electrocardiogram from a Fic. 11.—Electrocardiogram from a 
healthy subject before (1) and two healthy subject before (1) and at 
minutes after exercise (2). The S-T intervals of two minutes (2) and four 
segment in lead III developes a plane minutes (3) after exercise. The S-T 
configuration. segment in lead III shows a sagging 


configuration after effort. Lead V1 
at rest showed an R wave of 2 mm. 
and an S wave of 6 mm. 
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If leads III and IIIR are excluded from the analysis, none of the healthy subjects developed a 
sagging S-T segment, nor did any show an S-T segment that was plane for 0-08 second or long: r. 
In seven subjects, the S-T segment showed a slow rise, affecting leads I and CR7 in two, lead II n 
one, and lead CR7 alone in four cases. 

The S-T segment in lead III showed a plane configuration after exercise in this lead alone n 
10, and a sagging configuration in this lead alone in a further 5 subjects. Elevation of the S-T 
segment amounting to 0-5 mm. or more was not observed after exercise in any healthy subject. 

Chelton and Burchell (1955) found that the effect of exercise, on subjects who did not hae 
heart disease but showed elevation of the S-T segment of | mm. or more at rest, was to cause 
the S-T segment to return to the iso-electric level. They considered that the elevation at rest w is 
due to early repolarization of the subepi-myocardium before completion of ventricular depola i- 
zation. 

The T Wave. Most authors have accepted that the inversion after exercise of a T wave uprig.t 
at rest is abnormal (Whitten and Herndon, 1938; Schott, 1939; Mazar, 1944; Bidrck, 1946; Twiss 
and Sokolow, 1942; Levan, 1945; Grossman et al., 1949; Yu, 1951; Wood et a/., 1950; Holzman, 1952: 
Goldman, 1956; and Marriott, 1957), but more recently others have ascertained that inversion of 
the T wave after exercise may occur in healthy subjects (Goldberger, 1953; Manning, 1957; and 
Rosen and Gardberg, 1957), while some (Robb ef al., 1956) have found that the death rate from 
coronary arterial disease and the incidence of coronary occlusion are not significantly higher in those 
subjects showing only T wave changes, including inversion, after exercise compared with those 


Fic. 12.—Electrocardiogram from a . 13.—Electrocardiogram from a 
healthy subject before (1) and two healthy subject before (1) and at two 
minutes after exercise (2). Defor- minutes (2) and four minutes (3) 
mity of the T wave in lead CR4 de- after exercise. The T wave in lead 
veloped after effort. CR4 is deformed after exercise. 
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showing strictly normal responses. Because of the variability of the effect of exercise on the T 
wave in lead III, many authors have disregarded such changes in this lead (Schott, 1939; Master, 
1959; Twiss and Sokolow, 1942; Grossman et al., 1949; Goldman, 1956; Acheson, 1957; and 
Ma ning, 1957). 

ne n n the present series, a reduction of the amplitudes of the T wave wascommon. Such reduction 
S-T wa: 50 to 67 per cent in fifteen, 31 to 49 per cent in fourteen, 21 to 30 per cent in twelve, 11 to 20 
per cent in seven, 10 per cent in one, and 0 to 5 per cent in eighteen subjects. A flat T wave was not 


ha 'e me with once. A T wave that measured less than 10 per cent of the amplitude of the R wave of 
CAL 3€ the s;ame complex was regarded as being of low voltage and this was found in nine subjects, affecting 
t wis lea I alone in three, leads I and CR7 in two, the three standard limb leads in one, lead CR7 alone in 
ola i- one and lead III alone in two subjects. 


nversion of a T wave, that was upright in the tracing a trest, did not take place after exercise in any 
yrig.at cas in this series. An inverted T wave in lead III became upright after exercise in six cases. De- 
Twiss for 1ity of the T wave, which became blunt or bifid, in lead CR4 developed in the tracings recorded 
1952; aftc ‘ exercise in three subjects aged 34, 43, and 26 years (Fig. 12 and 13). 
on of the U Wave. Inversion of the U wave after exercise was considered to be pathological by 
; and Pal ner (1948): it did not develop after exercise in any of the subjects in this investigation. Its 
from am litude increased in several leads in 42 and in all leads in 1 case. In 12, the amplitude showed 
those — no »bvious alteration, and in the remaining 12 it either decreased or became indiscernible owing to 
those § prc <imity of the T and the P waves from tachycardia. 

The T-U Segment. Depression of the T—-U segment in the electrocardiogram at rest in patients 
wit.: cardiac pain was described by Evans and Pillay (1957). No case in this series developed such 
depression after exercise. Owing to the tachycardia following exercise it is necessary to relate the 
level of the T-U segment to the P-Q segment. 

Extrasystoles and Conduction Defects. Although they were previously regarded as significant, 
more recently it has been thought that the occurrence of transient arrhythmias and conduction 
defects are of little diagnostic value (Master, 1957; and Robb et a/., 1956). Extrasystoles, absent 
in the resting electrocardiogram, occurred in seven cases of this series. In four they were of ventri- 
cular origin, in two of atrial, and in one of nodal origin. 


SUMMARY AND CONCLUSIONS 





[he exercise electrocardiogram was recorded in 67 healthy subjects. The exercise was strenuous, 
but it was always commensurate with the subject’s ability to carry it out to the stage of breathless- 
| ness or fatigue; in none did it produce chest pain. 
A resting electrocardiogram was first recorded, followed by three tracings at intervals of two, 
| four, and ten minutes after the exercise. Attention was paid to changes in the P wave, P-R interval, 
P-Q segment, QRS complex, S-T segment, T wave, T-U segment, and the U wave, together with 
the appearance of an arrhythmia. 
The investigation was carried out with a prerequisite knowledge of the lesser electrocardiographic 
changes identified with coronary arterial disease, and these were deliberately sought for in the tracings 
recorded after exercise. 

With the exception of lead III, which is regarded as an unreliable lead in the exercise test, the 
undermentioned changes were not met with in any of the healthy subjects in this series. Thus, 
provided the R wave was not tall (exceeding 20 mm.) the point J was never depressed more than 
| mm. below the P-Q segment. The S-T segment never showed a plane or sagging configuration: 
a plane depression was taken as being present if the S-T segment measured from the end of the S 
wave to the beginning of the T wave remained flat for a period of 0-1 second. A previously up- 
tight T wave never became flat or inverted, the T-U segment was never depressed below the P-Q 
segment, the U wave never became inverted, and the R wave in lead CR4 never decreased to below 
60 per cent of its voltage at rest. 





270 H. G. LLOYD-THOMAS 


REFERENCES 


Acheson, E. D. (1957). Lancet., 1, 26. 

Biérck, G. (1946). Brit. Heart J., 8, 17. 

Chelton, L. G., and Burchell, H. B. (1940). Amer. J. med. Sci., 230, 54. 

Evans, W. (1951). Brit. Heart J., 13, 457. 

——, and McRae, C. (1952). Brit. Heart J., 14, 429. 

——, and Pillay, R. K. (1957). Brit. Heart J., 19, 366. 

Goldberger, E. (1953). Unipolar Lead Electrocardiography and Vectrocardiography. HH. Kempton, London. 


Goldman, M. J. (1956). Principles of Clinical Electrocardiography. Lange Medical Publications, Los A! os 


California. 
Grossman, M., Weinstein, W. W., and Katz, L. N. (1949). Ann. intern. Med., 50, 387. 
Holzman, M. (1952). Clinical Electrocardiography. Staples Press, London. 
Levan, J. B. (1945). War Medicine, 7, 353. 
Manning, G. W. (1957). Amer. Heart J., 54, 823. 
Marriott, H. J. L. (1957). Practical Electrocardiography. Bailliére, Tindall, and Cox, London. 
Master, A. M. (1950). Ann. intern. Med., 32, 842. 
——, Field, L. E., and Donoso, E. (1957). New York J. Med., 57, 1051. 
——., Friedman, R., and Dack, S. (1942). Amer. Heart J., 24, 777. 
——, and Oppenheimer, E. T. (1929). Amer. J. med. Sci., 177, 223. 
Lepeschkin, E. (1953). 25th Scientific Session, American Heart Assn., 76. 
——. (1951). Modern Electrocardiography. Bailliére, Tindall, and Cox. 
Mazer, M., and Reisinger, J. A. (1944). Ann. intern. Med., 21, 645. 
Palmer, J. H. (1948). Brit. Heart J., 10, 247. 
Robb, G. P., Marks, H. H., and Mattingly, T. W. (1956). eo Ass. Life Insur. med. Dir. Amer., 40, 52. 
Rosen, I. L., and Gardberg, M. (1957). Amer. Heart. J., 53, 4 
Scherf, D., and Boyd, L. J. (1946). Clinical Rr oheth abe Lippincott, Philadelphia. 
——, and Schaffer, A. I. (1952). Amer. Heart J., 43, 927. 
Schott, A. (1939). Guy’s Hosp. Reports, 89, 347. 
Twiss, A., and Sokolow, M. (1942). Amer. Heart J., 23, 498. 


Whitten, M. B., and Herndon, J. H. (1938). Unpublished data quoted by Missal, M. E. (1938-39). Ann. intern. Med., 


11, 2018. 
Wood, P., McGregor, M., Majidson, C., and Whittaker, W. (1950). Brit. Heart J., 12, 363. 
Yu, P. N. G., Bruce, R. A., Lovejoy, F. W., and McDowell, M. E. (1951). Circulation, 3, 368. 











inc ic 
cir *U 
est n 
anil 
me tt 
ani 


arter 





Al os, 


. Med., 








THE PHOTO-ELECTRIC EARPIECE TECHNIQUE FOR 
RECORDING DYE DILUTION CURVES 


BY 


IVOR GABE* AND JOHN SHILLINGFORD{ 


From the Postgraduate Medical School of London, W. 12 


Received August 10, 1960 


Stewart in 1894 first showed that it was possible to estimate the cardiac output by injecting an 
inc icator substance into the venous circulation and sampling its concentration in the arterial 
cir ulation. Hamilton et a/. (1932) demonstated its application in man and further showed that an 
est mation of the volume of blood through which the indicator had passed could be made from an 
anilysis of the time-concentration curve of the indicator at the sampling site. More recently the 
method has been used to define the position and size of intracardiac shunts (Swan and Wood, 1953) 
ani to give an empirical estimation of valvular regurgitation (Shillingford, 1958). 

The time-concentration curves may be recorded by intermittent sampling of blood through an 
arterial needle, by passing arterial blood through a photo-electric cuvette, or by a photo-electric cell 
on the transilluminated ear. This last method has the advantage of simplicity and does not need an 
indwelling arterial needle, but has in the past presented certain technical problems. These have 
included lack of stability, sensitivity, and frequency response. 

The purpose of this paper is to describe the apparatus and technique that has been developed 
over several years in our laboratory and to relate its practical application to the study of patients. 


THE PHOTO-ELECTRIC EARPIECE 


The photo-electric earpiece used to measure arterial oxygen saturation in the blood vessels of the 
ear (Matthes, 1936; Millikan, 1942) forms the basis of the instrument used for recording the 
passage of dye through the ear. It consists essentially of two photo-electric cells connected in 
opposition and illuminated through the ear by a small lamp. In front of one is a red or orange 
filter and in front of the other is an infra-red filter. Changes in ear thickness due to arterial 
pulsation or other causes affect both cells equally and therefore do not alter the total electrical 
output provided the cells are balanced. Changes in colour such as occurs with the passage 
of blue dye affects the cell with the red filter more than that with the infra-red and this causes a 
change in the total electrical output. This change in electrical potential is very small and until 
recently was usually recorded by a sensitive galvanometer (Wood and Geraci, 1949). The response 
time of such a galvanometer was rather long and tended to give damped dye dilution curves. With 
the development of high-stability direct current amplifiers it is now possible to amplify and record 
these potentials with an adequate frequency response. 

The construction of a suitable earpiece presents several problems. It must be small enough to 
fit the pinna of the ear and this limits the size of the photo-electric cells. Selenium barrier-layer cells 
are the most suitable for this purpose on account of their size, but they are sensitive to changes in 
temperature. Norman (1959) has attempted to minimize this effect by using a cooled light source. 

* Medical Research Council Fellow. +t Member Scientific Staff, Medical Research Council. 
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We have found that heating the earpiece for half an hour at 40° C. before use largely elimina es 
thermal drift when the earpiece is applied to the ear, and this method has the advantage tha it 
does not increase the size of the earpiece itself. 

Fig. 1 shows the design of a suitable earpiece. It consists of a small plastic casing which ho ds 





Fic. 1.—The photo-electric earpiece made by the Cambridge Instrument 
Company. (A) Side view. (B) Back view with cover removed. 


the two photo-electric cells with their gelatin filters in front. A 3-volt 1-watt bulb enclosed ir a 
Perspex shell is held by means of a screw clip attached to the plastic case. 


THE AMPLIFIER 


The output from the photo-electric cells during maximum deflection from an average < ye 
dilution is in the order of 0-5 millivolt at an input resistance of 10,000 ohms. It is therefore nec 2s- 
sary to use a high grade “chopper” type amplifier to obtain adequate stability. We have found he 
Cambridge* amplifier suitable for this purpose. Most physiological amplifiers, as found in 
multi-channel recording equipment, have been found to be quite unsuitable for recording < ye 
dilution curves in that amplification and stability are inadequate. 


* Cambridge Instrument Co., Ltd., Cambridge, England. 
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PHOTO-ELECTRIC EARPIECE IN DYE DILUTION CURVES 


THE PROBLEM OF LINEARITY 
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If the photo-electric earpiece is to be used for quantitative work it is desirable that there should 


be a linear relationship between electrical output and concentration of dye in the blood. 


It may be 


pr: fitable to consider this requirement in some detail. 
{t has long been established that the linearity of the relation between light intensity and current 
fron a selenium barrier-layer photo-electric cell is greatly dependent on the value of resistance in 


ser 2s with the cell. 
co: nected through different resistances to a Pye 
Sc: 'amp galvanometer. The cell was illuminated 
by a 6-volt, 25-watt lamp and the intensity of 
illv nination was varied by changing the distance 
of 1elampfrom thecell. It will be seen that over 
the range of light intensity used, a linear relation 
be veen current and illumination existed only 
wl :n the resistance in series with the photocell was 
48 0 ohms orless. Under these circumstances, in 
ac ordance with Beer’s law of optical absorption, 
an exponential relationship would exist between 
cu rent and the concentration of a dye solution 
pl: ced between the photocell and the lamp. We 
m:y see that this expectation is borne out very 
ne. rly by arranging a cuvette (Fig. 3) between the 
eai and complete earpiece and measuring the out- 
pu: of the amplifier (input resistance 4700 ohms) 
when the concentration of aqueous Coomassie 
Blue in the cuvette is varied. The results of such 
an experiment are shown in Fig. 4. On com- 
pletion of the set of readings the cuvette was filled 
with water and an injection of Coomassie Blue 
was given intravenously. The galvanometer de- 
flection produced three minutes after the injection 
was noted, the plasma concentration at this time 
being 13-0 mg./l. By this method the compara- 
tive effects of dye in the blood and in the cuvette 
may be estimated. 

From Fig. 4 it can be seen that the desired 
linear relation between concentration of dye and 
photocell output does not exist. However, the 
approximation may reasonably be made that 
for small changes in concentration only, the re- 
lation may be taken as linear. This means that if 


Fig. 2 shows the results of an experiment in which a single earpiece cell was 
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Fic. 2.—The relationship between intensity of illumi- 
nation and current output from a single selenium 
barrier-layer cell (size 5 mm. x9 mm.), showing the 
effect of different external resistances. The units of 
light intensity are arbitrary but it was arranged that 
the maximum light intensity (100 on the scale) was 
approximately the same as that on the photocell when 
it was fitted to an earpiece and illuminated through 
an ear by a 3-volt, 1-watt bulb. 


the dye curve is to be calibrated from the height of the “‘tail’’ of the curve, care must be taken not to 
give too large a dose of dye; and that the sensitivity of the instrument will change as the basal level 


of dye in the blood rises. 


If it were possible to extend the range of effective linearity it would be legitimate to give larger 


doses of dye. 


It would also be possible to make estimates of relative cardiac outputs in one indi- 


vidual by giving successive injections of the same quantity of dye and merely measuring the area 
beneath each dye curve, no calibration being necessary: the restrictive assumption is that the amount 
of blood in the light pathway is unchanged during the procedure. 

The range of linearity may be extended by using the fact that when a barrier-layer photocell is 
connected to a high resistance the relation between current output and light intensity is alinear, 
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Fic. 3.—The cuvette used for testing | 
arity. It consists of two microsc: pe 
cover slips cemented to a Perspex spa er 

een --- sian tiecniia 1 mm. thick, forming a chamber wh ch 

mae <-> >, Se ——— can be filled with calibrating soluti. ns 
through polythene tubing. Thecuv: te 
is fixed to the earpiece between the li ht 
and photocells by adhesive tape for in 
vitro tests, and it is small enough for he 
ear to be included in the light pathv ay 
as well if necessary. 














cee a COLI mats 
































100}- 10 
5 ot 5 
5 5 
Ww 

Fr 

8 = 

al a 

: : 

3 25 = 
D 
0 i 1 ah. 1 0 "= l 1 
05 50 100 150 200 0 50 100 150 200 

CUVETTE CONCENTRATION m/t CUVETTE CONCENTRATION mg/t 

Fic. 4.—The relation between galvanometer deflection Fic. 5.—Concentration of aqueous Coomassie Blue in 
and concentration of aqueous Coomassie Blue in a the cuvette against deflection of a Pye Scalamp ga!- 
cuvette applied to the ear. The earpiece was con- vanometer. The “red” photocell was connected 
nected to an amplifier with an input resistance of to the galvanometer through an external resistance : 
4700 ohms with respect to the “red” cell. The (A) 560 ohms, (B) 10,000 ohms, (C) 470,000 ohm:. 
vertical scale is arbitrary. The galvanometer de- The vertical scale is arbitrary and the three curves 
flection D was that produced three minutes after an have been plotted to the same final value to make 
intravenous injection of Coomassie Blue, when the comparison easier. 


plasma concentration was 13-0/I. 


as shown in Fig. 2; the current output is proportional to the logarithm of light intensity. T iis 
alinearity tends to oppose to the alinearity implicit in Beer’s Law. This property has been used in 
oximetry to produce an instrument that records oxygen saturation linearly (Goldie, 1942; Pa 1l, 
1953). Experimentally we have found the effect can be used to produce near-linearity betw« 2n 
current output and concentration of dye over a wide range. 

Fig. 5 shows concentration of aqueous Coomassie Blue in the cuvette against deflection o a 
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e in Fic. 7.—Galvanometer deflection against cuvette concentration of 
gal- aqueous Coomassie Blue with the earpiece applied to the ear. The 
cted input circuit was that shown in Fig. 6. The vertical scale is 
nce: arbitrary. The galvanometer deflection D was that produced three 
1m. minutes after an intravenous injection of Coomassie Blue, when the 
rves plasma concentration was 18-2 mg./I. 


1ake 


Pye Scalamp galvanometer produced directly by the “‘red’’ photocell. Readings were taken when 
the effective resistance across the photocell was 560, 10,000, and 470,000 ohms. For practical 
T iis purposes the curve in which the external resistance was 470,000 ohms can be regarded as linear up 
ed in to a cuvette concentration of about 100 mg./I., while the other two curves are showing obvious 
Pa al, alinearity before a concentration of 30 mg./l. is reached. 

ween In this laboratory we now connect 1:33 megohms in series with the red cell and 0-5 megohms in 
series with the infra-red cell (Fig. 6). A calibration curve showing this input arrangement is shown 
in Fig. 7. Injection of a quantity of Coomassie Blue intravenously revealed that 18-2 mg./l. of 
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the dye in the plasma produced the same electrical response as 9-0 mg./l. of dye in the cuvet e, 
We should expect this system to be linear for practical purposes up to a plasma concentration of 
about 150 mg./I. 

Further evidence on the linearity of this apparatus was obtained by giving four success ve 
injections at eight-minute intervals of 50 mg. Coomassie Blue to four normal subjects. If the apy a- 
ratus is linear and there is no change in ear thickness, the area of paper beneath the dye cui ve 
(excluding the effects of recirculation by extrapolation) should be inversely proportional to te 
cardiac output in each subject. As the subjects were resting calmly during the experiment, ve 
should expect little evidence of any change in cardiac output. A steady rise in estimated card ic 
output would be consistent with alinearity of the apparatus. Fig. 8 shows the four dye cure 
obtained in one subject (J.B.) and Table I gives the collected results from all the subjects. 


THE RECORDER 


The curves may be recorded either by a photographic recorder or a direct-writing instrume it. 
The paper width should be at least 7 cm. and a convenient paper speed is 6 inches a minute. For 
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Fic. 8.—Four dye curves obtained when a normal subject (J.B.) was given four successive injections of 50 mg. 
Coomassie Blue at eight-minute intervals. 


TABLE I 


Successive ESTIMATIONS OF CARDIAC OUTPUT IN NORMAL RESTING SUBJECTS, EXPRESSED AS PROPORTIONS OF THE 
INITIAL DETERMINATIONS 
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most purposes a response time for full-scale deflection of 2 seconds is adequate although for infants, 
where the circulation is very rapid, a faster response time may be desirable. We have found either 
an Evershed and Vignole one milliampére, 3000 ohm pen recorder, or the Cambridge Instrument 
Ccmpany’s photographic or servo direct-writing recorders satisfactory. 


COMPARISON OF EARPIECE AND CUVETTE CURVES 


Lacy et al. (1957) have studied the distorting effects of the sampling system when dye dilution 
cu: ves are made by passing arterial blood through polythene tubing to a photo-electric cuvette. 
Di tortion could be made negligible by increasing the flow of blood or decreasing the length or the 
die neter of the tubing. It would be expected that the ear used as a “‘cuvette’’ would also be capable 
of \istorting the time-concentration pattern of dye in the arterial system. However, there are reasons 
for supposing that distortion so produced is small enough to be neglected for most purposes, unless 
the duration of the curve is very short. 

Any comparison between dye dilution curves made by an arterial cuvette and an earpiece should 
be -ecorded by equipment with an adequate frequency response. Fig. 9 shows two dye dilution 
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Fic. 9.—Two dye dilution curves made by injecting Coomassie Blue 
into the pulmonary artery of an 11-year-old boy whose ventricular 
septal defect had previously been closed. The curves have been 
plotted semi-logarithmically and extrapolated. The peak heights 
have been made the same. Curve A is from a photo-electric 
earpiece connected to the input circuit shown in Fig. 6. Curve 
B was made by passing blood from the femoral artery through a 
Cambridge photo-electric cuvette. The length of tubing involved 
was 15 cm. and its internal diameter 1-2 mm. Blood flowed 
through the tubing at 0-8 ml./sec. (See text). 








curves replotted semilogarithmically. Curve A was from an earpiece and was made within three 
minutes of Curve B, which was made by passing blood from the femoral artery through a photo- 
electric cuvette. The peak height of the curves has been made the same to allow for differences 
in sensitivity of the two systems. The area beneath Curve A (extrapolated to infinity) exceeds that 
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beneath curve B by only 5 per cent. The slope of A is 0-326 sec. ! and that of B 0-328 sec.-!, he 
disagreement being insignificant. The main difference between the two curves is due merely to he 
difference in distance between the heart and the two sampling sites. 
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INDICATOR DYES 


Many dyes have been used in the study of the circulation in man. An ideal indicator sho ld 
meet the following requirements. 
(1) It should be harmless when injected intravenously and cause no discomfort. 
(2) The amount injected should be small in bulk. 
(3) The indicator must remain in the blood stream and not be lost in the tissues or changec in 
chemical composition during its passage through the body. 
(4) It must be capable of being easily estimated in blood samples. 

Until recently Evans Blue was commonly used for obtaining dye dilution curves. The loss of 
this dye is small over the time needed to calibrate the curve; it appears to be harmless and its cun- 
centration can be measured by extracting the dye from the plasma. Its absorption spectrum 
(maximal at 620 millimicrons), however, is in the region of that of reduced hemoglobin; it is there- 
fore often not satisfactory in those patients with cyanotic heart disease and fluctuating arteiial 
oxygen saturation. Moreover, it is only slowly excreted and stains the skin when given in large 
amounts. To overcome this Fox et al. (1957) introduced a green dye (Cardio-green) with maximal 
absorption at a wavelength in the region of 800 millimicrons, at which absorption by oxy- and reduced 
hemoglobin is the same. This dye, although satisfactory for use with a cuvette, may involve undue 
arterial pulsation when used with an earpiece. 

More recently Coomassie Blue (Imperial Chemical Industries) (Taylor and Shillingford, 1959; 
Taylor and Thorp, 1959) has been found to offer several distinct advantages in that it does not stain 
the tissues and is excreted comparatively rapidly. The effects of changing oxygen saturation in the 
blood can be minimized by reducing the sensitivity of the recording instrument and giving larger 
doses of the dye. The average dose is between 0-2 and 0-8 mg./kilo and we have not observed 
toxic effects up to a total dose of 3 mg./kilo. In larger doses vomiting and vaso-vagal 
disturbances may occur, but we have not found it necessary to exceed a single dose of more than 
0-8 mg./kilo to obtain acceptable curves. When using this dye for measuring cardiac output and 
calibrating the curve from the height of the tail at a known blood concentration, errors may be 
introduced by the somewhat rapid fall in blood level over the first three minutes. 

Other dyes, such as indigo-carmine and methylene blue, have been used with success for quali- 
tative observations, particularly for the definition of intracardiac shunts, but rapid excretion pre- 
cludes their use for any quantitative work. 

The technique for the estimation in blood of Evans Blue has been described by Murray and 
Shillingford (1958) and for the estimation of Coomassie Blue by Taylor and Shillingford (1959). 


The Injection Syringe 

It is difficult to measure either Evans Blue or Coomassie Blue dye accurately without a special 
syringe. We have used two types with success. One is an ordinary 5-ml. Luer-lock syringe with a 
scratch made on the barrel 1 cm. behind the tip: the dye can then be drawn up into the syringe and 
the scratch aligned against a similar marking on the syringe. An alternative syringe for multiole 
identical injections is shown in Fig. 10. It is made from a 10-ml. Luer-lock syringe, around ‘he 
barrel of which is cemented a metal ring into which are screwed a series of stops of different lengt 1s: 
a second ring and stop is cemented to the piston, and the difference of length between each adjac:nt 
stop determines the travel of the piston. 


Determination of the Quantity of Dye Injected 


For estimation of cardiac output it is necessary to know the exact quantity of dye injec‘ed 
through the needle or catheter. This is done by taking the needle or catheter at the end of ‘he 
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Fic. 10.—Injection syringe designed to deliver four equal volumes of dye solution. 


procedure, washing, and drying the lumen by passing a stream of air or oxygen through it. The 
syiinge is filled with water to the mark used at the time of injection and the empty needle or catheter 
959: attached. The water is then ejected into a weighed receptacle and the weight again determined. 
stall The whole procedure is repeated three times and the average of the three readings used for calcu- 
lations. This procedure allows for the “‘dead space”’ in the catheter or needle. 


1 the 

ur ger 

evel The Earpiece Heater 

vagal To achieve adequate stability the earpiece must reach thermal equilibrium. On account of this 


than it is desirable, especially in cold weather, to preheat the earpiece to approximately body heat. A 
-and §— simple heater can be made by winding a short length of resistance wire (approximately 8 ohms) 
y be § around a small metal cannister between two layers of adhesive tape and connecting it to a 6-volt 
supply. The earpiece is placed in this an hour before use. 
juali- 
- pre- PREPARATION OF THE PATIENT 
The injection may be given intravenously or at the time of cardiac catheterization. If it is given 
; and § intravenously, a medial arm vein should be used as a lateral vein injection often produced distorted 
9). curves because of uneven venous flow into the right atrium. The room and the patient should be 
warm, for vasoconstriction due to cold surroundings must be avoided. Better results are often 
obtained with intravenous injections when the patient is sitting up or tilted feet down. 
pecial The ear should be warm and further vaso-dilatation may be obtained by rubbing in histamine 
vith a — cream oneach side of the pinna. The earpiece is placed on the ear and secured in position by pieces 
e and § of adhesive tape. The lamp should just rest on the ear, which should not be compressed. The lead 
iltiole § from the earpiece should be fixed to the head with adhesive tape to prevent movement of the ear- 
id ‘he § piece. The ear should be covered by a small black cloth to exclude extraneous light. The earpiece 
igt 1s: {| must remain on the ear with the lamp alight for at least fifteen minutes before use. If there is con- 
jacont § siderable baseline fluctuation, due to a changing blood oxygen saturation, this may sometimes be 
improved by allowing the patient to breathe oxygen through a plastic mask. The input circuit of 
the amplifier allows for pulse rejection and the control should be adjusted for minimal pulsation. 
The amount of dye injected and the position of the sensitivity control on the machine are a matter 
jec ed § Of trial anderror. In general, a good curve should be drawn in adults with a 20 mg. dose of either 
of ‘he § Coomassie Blue or Evans Blue and the sensitivity of the machine adjusted accordingly after the 
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initial injection. If the earpiece has been correctly applied, the baseline in non-cyanotic patie: ts 
should be reasonably flat. In cyanotic patients, however, with considerable variation in oxyg :n 
saturation, it may be necessary to reduce the gain of the amplifier and increase the dose two or th) 2e 
times in the case of Coomassie Blue. This does not apply to Cardio-green, in which only the inf a- 
red cell is used for recording the passage of the dye. 

It may not in occasional cases be possible to record the passage of dye through the ears of bab 2s 
or very young children, possibly because of a poor arterial supply at this age. In other patient: a 
rhythmic slow oscillation of the baseline at about the respiratory rate may be noticed and contin 2s 
even if the patient holds his breath; this change is not usually serious enough to detract from te 
accuracy of diagnosis. Baseline drift should not occur if the amplifier and earpiece have be :n 
allowed to warm for an hour and the latter applied to the ear for at least fifteen minutes. If seric us 
instability is experienced, the earpiece should be removed from the ear and a piece of paper insert >d 
between the lamp and cells. If the instability continues, the trouble may be in the lamp or ts 
connections, which should be checked; if these are in order the earpiece cells or the amplifier < re 
at fault. 


SUMMARY 


The principles governing the recording of dye dilution curves by the photoelectric earpiece «re ‘ @ 
briefly described. The associated apparatus and the problem of linearity is considered, and a way oat 


in which the range of linearity may be extended is discussed. The practical technique of dye ri: ht 
dilution curves made by the photo-electric earpiece is given. 
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During cardiac catheterization it is usually not difficult to decide in which part of the heart the 
ti; of the catheter lies. If the frontal view on the screen does not indicate this clearly, the patient 
ca 1 be rotated and the lateral view is often more helpful. Furthermore, the pressure curves in the 
ri; ht atrium, ventricle, and pulmonary trunk have very different characteristics. These characteris- 
tics are generally so pronounced that, even if deformed as a result of the underlying heart lesion, 
they usually provide a conclusive answer. There are, however, situations when the pressure curves 
ar> misleading. 

During catheterization of a girl (Case 1) aged two and a half years, the tip of the catheter lay in 
the upper part of the right atrium, probably in the right atrial appendage (Fig. 1). The pressure 





Fic. 1.—(A) Frontal view. Fic. 1.—(B) Left oblique lateral view. 


Catheter in position described in the text, i.e. with the tip in the right atrial appendage. The No. 8 Cournand 
catheter was introduced through the right saphenous vein, which is our routine in cases of this type. 
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curve, however, showed a peak pressure, usually of about 25 mm. and on one occasion of about 0 
mm. Hg. This pressure recording was obtained when the catheter was pressed more or less firm y 
against the wall. A withdrawal curve to the right atrium is depicted in Fig. 2, where it is seen th it 
the upstroke begins earlier in relation to the QRS complex in the electrocardiogram than when t .e 
catheter tip was situated in the right ventricle (Fig. 3). When the catheter tip was still situated n 
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Fic. 2.—Case 1. Withdrawal curve from right atrial appendage to the right atrium in a 2}- 
year-old girl. The pressure curve was recorded with an Elema Mingograf no 42 through a 
Cournand catheter No. 8. The horizontal lines indicate 0 and 50 mm. Hg respectively. 
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Fic. 3.—Pressure curve from the right atrium (A) and the right ventricle (B) of Case 1. The horizontal lines 
indicate 0 and 20 mm. Hg respectively. 
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the position shown in Fig. 1, a small amount of contrast was injected. This revealed the contou’s 
of a small space, which in form and appearance was consistent with an atrial appendage. Tle 
findings on catheterization were normal except for this strange pressure curve. Selective angi: - 
cardiography was also normal. The patient had a grade 3 systolic murmur with maximal intensi y 
in the fourth left intercostal space. The electrocardiogram showed a rsr’s’ complex in lead V1. 

We suspected that the strange pressure curve, which without doubt was recorded with the t p 
of the catheter in the atrial appendage, was caused by the contraction of the wall when tle 
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catheter was pressed against it. Another possibility was propagation of contractions from the aorta 
or pulmonary artery to the appendage. 

To test these two hypotheses we (1) tried to repeat these pressure curves at other catheterizations 
ard (2) examined the pressure recordings from different parts of the atrial wall in a dog subjected 
tc thoracotomy. 

(1) At routine catheterization it is possible to get a pressure curve with higher peaks, when the 
ce‘heter tip is pressed against the atrial appendage than when the catheter tip lies free in the 
m ddle of the atrium. Usually it is not possible to get values as high as in Case 1 (25-50 mm. Hg) 
e\2n if the catheter is firmly pressed against resistance; a value of 10-20 mm. is more common. 
T e pressure depends upon the force with which the catheter is pressed. In this connection it 
st suld be pointed out that this procedure is not entirely free of risk, especially in elderly persons, as 
p rforation with hemopericardium could result. 

(2) In a dog subjected to thoracotomy a Cournand catheter was introduced into the right 
at ium via the saphenous vein. Fig. 4 shows the recordings obtained. It was obvious from this 
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Fic. 4.—Pressure curves from the right atrial appendage of a dog. (A) Moderate pressure of the tip of the 
catheter against the wall. (B) Pressure curve obtained with the catheter tip free in the atrium. 


experiment that the high pressures recorded were not caused by propagation of the pressure waves 
from the aorta, because similar recordings were obtained when the tip was removed from the atrial 
appendage and pressed instead against the lateral atrial wall. Furthermore the time relationships 
indicate that the peak comes too early to be of aortic origin. 

Falsely high pressure peaks with a catheter situated in the right atrium have been reported by 
Fowler et al. (1957), who ascribe this finding to motions of the catheter tip. If this explanation is 
correct, it is probable that the motion presses the tip against the wall. In this way the high pressure 
peaks might have been produced by the contraction of the atrial musculature in our patient. 
It is probable that the high pressure obtained in the atrium, was produced by squeezing of the 
catheter tip between the muscle bundles described by Tandler (1926). Harris and Summerhayes 
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(1955) reported pressures of 45-50 mm. Hg obtained with the catheter far into the coronary sinv :. 
These authors believe the explanation to be squeezing of blood from the capillaries and venules 
the myocardium during contraction of the ventricles. In our cases it was never possible to get a 
blood sample, but it is obvious from Fig. 1 that the catheter tip was not in the coronary sinus. 


SUMMARY 


A pressure curve from the right atrium with peaks of about 25 mm. Hg is described. The cur ¢ 
was obtained during catheterization of a girl, aged 24 years. 

Experience from other patients and an experiment on a dog indicate that these high peaks cz 1 
be obtained both from the atrial appendage and the atrial wall and are produced by atrial co 
tractions when the tip of the catheter is firmly pressed against the muscular wall. 


. 


The authors are greatly indebted to Drs. Arne Malm and Bjérn Sjéstrom at the Department of Thoracic Surgei , 
Malm6 General Hospital, for surgical assistance. 
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THE ABC CARDIOGRAM OF RIGHT VENTRICULAR 
HYPERTROPHY 


BY 
L. H. HARRIS* 


From the Regional Thoracic Surgical Centre, Broadgreen Hospital, Liverpool 
Received October 10, 1960 


Although there are now generally recognized criteria for diagnosing right ventricular (R.V.) 
hy »ertrophy from a standard 12-lead cardiogram plus one or more right-sided chest leads (V3R, 
V< 2.) (Wilson et al., 1944; Goldberger, 1947; Myers et al., 1948; Sokolow and Lyon, 1949; Myers 
19.0; Fraser and Turner, 1955; Camerini et al., 1956; Goodwin and Abdin, 1959) the cardiogram 
in datients with mitral stenosis is often disappointingly normal. 

The present work was undertaken to determine the signs of R.V. hypertrophy in the A BC cardio- 
gr. m (Trethewie, 1953, 1958) and to see whether the diagnosis of the R.V. hypertrophy could be 
m: de more accurate thereby. 


MATERIAL AND METHODS 


A total of 90 cases have been studied—7 with severe pulmonary stenosis, 14 with slight mitral 
steosis, and 69 with mitral stenosis sufficient to warrant valvotomy. 

All patients were adults. Patients with cardiographic evidence of left ventricular hypertrophy 
or right bundle-branch block were excluded. 

Mean pulmonary artery pressure was recorded either by cardiac catheterization or at operation 
in all the patients with mitral stenosis, and right ventricular pressure was recorded by cardiac 
catheterization in those with pulmonary stenosis. 

Cardiography. In all patients the standard leads, unipolar limb leads, and six V leads were 
recorded with in addition V3R and A, B, and C leads. Particular attention was given to the ven- 
tricular complex in leads aVR, V3R, V1, V2, and VS, as well as A, B, and C. 

The cardiograms were recorded with a Sanborn Viso Cardiette or a Cambridge direct writer, 
employing conventional standardization of 10 mm.=1 mv. A, B, and C leads were recorded using 
lead II, the left leg electrode being placed on the xiphisternum and the right arm electrode being 
respectively at the manubrium (A), left mid-axilla (B), and right chest base (C) (Trethewie, 1958). 


RESULTS 


The Ventricular Complex in aVR, V3R, V1, V2, and V5 

A dominant R wave in leads aVR, V3R, V1, or V2, or a dominant S wave in V5 is indicative of 
R.V. hypertrophy. In addition the voltage of the ventricular complex may be taken as evidence of 
R.V. hypertrophy when R exceeds 3 mm. in aVR or V3R, 5 mm. in V1, 7 mm. in V2, or S is greater 
than 5 mm. in VS. 

Of the 69 patients with mitral stenosis and a mean pulmonary artery pressure greater than 20 mm. 
Hg, there was cardiographic evidence of R.V. hypertrophy in these leads in 45 (64%) only. 
Table I shows the incidence of signs of R.V. hypertrophy in various combinations of leads V3R, 
V1, V2, and V5. Lead aVR is not included because in no instance was it the only lead to show 


* Present address—Aintree Hospital, Liverpool. 
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TABLE I 


INCIDENCE OF SIGNS OF R.V. HYPERTROPHY IN V3R, V1, V2, AND V5 IN 69 PATIENTS WITH MEAN PULMONARY ART 
PRESSURE GREATER THAN 20 MM. HG 
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% | Lead | Number | 
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evidence of R.V. hypertrophy and when it did show this evidence there was always a dominant R in 
V3R in the same cardiogram. 

Of the 14 patients with slight mitral stenosis and mean pulmonary artery pressure of less than 
20 mm. Hg, | had a dominant R in aVR, and | had a dominant R in V1. 

The 7 patients with pulmonary stenosis all showed evidence of gross right ventricular hypertrophy 
in all leads. (R.V. pressures 80 to 225 mm. Hg systolic.) 


The Ventricular Complex in A, B, and C 

The R/S ratio was plotted against mean pulmonary artery pressure for leads A, B, and 
C respectively in the 69 cases of significant mitral stenosis and: the 14 cases of slight mitral stenosis. 
Table II shows the range and average R/S ratios for each group. 


TABLE II 
R/S Ratio In Leaps A, B, AND C 





A B | Cc 


Min. | Max.| Aver. | Min. | Max. | Aver. | Min. | Max. | Aver. _ 








Mitral stenosis—normal pressure (14) .. | 1/0 | 0:44| 0-31f | 0-03 0:33 | 0-19 | 0-04 0-45 | 








Mitral stenosis—raised pressure (69) «s | Oa | co | 1°58* | 1/00 


| 0 | 0-68*t | 0-1 








Pulmonary stenosis (7) ef. ae c- f- ea tS | 3-1 | 0°43 | | 13-4* | 0-5 15°5 3-88 
} | | | 





* Excluding those with absent S. 
+ Excluding those with absent R. 


It was found that an R/S ratio equal to or greater than 1/2 in A, B, or C demarcates those with 
a mean pulmonary artery pressure greater than 20 mm. Hg, although a ratio of less than 1/2 does 
not necessarily indicate a pressure within normal limits. 

These results are highly significant (lead A, y?=46-86, P<0-001; lead B, y?=8-'l, 
0-01>P>0-001; lead C, y2=23-21, P<0-001). 

Table II] shows the incidence of this sign in various combinations of these leads. It will be scen 
that with these criteria there was evidence of R.V. hypertrophy in 64 out of 69 cases (90°). Inde:d, 
lead A alone proved diagnostic in 61 out of 69 (879%) (Fig. 1). 

In the 7 cases of pulmonary stenosis the R/S ratio was equal to or greater than 1/2 in one or 
more of the A, B, C leads in each case. 

A typical A, B, C display from each group is shown in Fig. 2. 
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TABLE Ill 


INCIDENCE OF R/S Ratio oF 1/2 OR GREATER IN A, B, AND C IN 69 CASES OF MITRAL STENOSIS WITH MEAN PULMONARY 
ARTERY PRESSURE GREATER THAN 20 MM. HG 








| Number Percentage 
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Fic. 1.—R.S. ratio in lead A plotted against mean pulmonary 
artery pressure in mm. Hg 
we a ri The R wave voltage was plotted against the mean pulmonary artery pressure for leads A, B, and C 
: tespectively in the 83 cases of mitral stenosis. Table IV shows the range and average R wave 
voltage for each group. 
An R wave greater than 0-4 mv. in A, or greater than 0-7 mv. in B, or greater than 0-5 mv. in C 
was only met in those with mean pulmonary artery pressure over 20 mm. Hg, although the converse 
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Fic. 2.—A, B, C leads in patients with (1) mitral stenosis and normal pressure, (2) mitral stenosis and mid 
elevation of pressure, (3) mitral stenosis with considerable elevation of pressure, and (4) pulmonary stenos!:. 
Note similarity of (3) and (4) but much steeper T inversion in pulmonary stenosis. 


was not true, smaller voltages being seen in some patients with raised pressures. The 7 cases of 
pulmonary stenosis, however, all showed very large R waves in all leads (Table IV). 

Applying these voltage criteria, R.V. hypertrophy was indicated only in 55 (80°) of the 69 ca es 
of significant mitral stenosis. 
Combining criteria of the R/S ratio and the R voltage gave a diagnosis of R.V. hypertrophy in 
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TABLE IV 
R WAVE VOLTAGE IN MV. IN A, B, AND C. 





A | B Cc 


“Min. | Max. Aver. | Min. | Max.| Aver. | Min. | Max. | Aver. 











ral stenosis—normal pressure (14) .. 0 | 04) 0-2 0-1 0-7 | 0:36 0-1 | 0-5 | 0-28 
ral stenosis—raised pressure (69) eo] OS | 40 | 0:9 Oo | 3-0 | 0:72 0-2 | 50 | 0-78 





nonary stenosis.. .. .. ..| O08 | a5 | 2-1 08 | 35 | 2-1 10| 32] 19 





93%) of the 69 cases of mitral stenosis with a mean pulmonary artery pressure over 20 mm. Hg. 
s is not significantly different from the result with R/S ratio alone. 

T Wave Inversion in Leads A, B, and C. T wave inversion persisting on deep inspiration in 
| B was present in 44 (63%) of 69 cases with significant mitral stenosis, and in the 7 cases of pul- 
ary stenosis, but was also present in 7 (50%) of the 14 cases with normal mean pulmonary 
‘Ty pressure. 

T wave inversion in leads A or C was present in 19 of the cases of mitral stenosis with raised 
ssure, all 7 of the pulmonary stenosis cases, but in none of the cases with normal pressure. T wave 
ersion in general occurred in the cases with the highest pressures: the average value of the mean 
monary artery pressure in the cases with T inversion in A or C was 48 mm. Hg; in those without 
iversion but with raised pressure it was 33 mm. Hg. 

It would appear, therefore, that T wave inversion in lead B is of no importance but that T inver- 


sicn in leads A or C indicates a severer degree of R.V. hypertrophy. 
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Fic. 3.—Cardiogram from patient with mitral stenosis and mean pulmonary artery pressure of 
33 mm. Hg showing no evidence of R.V. hypertrophy in aVR, V3R, V1, V2, or V5, but 
R/S ratio greater than 1/2 in A and C. 
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DISCUSSION 


The standard unipolar limb and chest leads record electrical activity almost solely in the fror tal 
(coronal) plane. The simple A, B, and C curves, however, permit a three-dimensional analy is. 
From consideration of these leads it may be predicted that R.V. activity would be maximal ir A 
(xiphisternum-manubrium); left ventricular activity in B (xiphisternum—left mid-axilla); < nd 
septal events in C (xiphisternum—right chest base). 

The present study shows that it is almost as accurate to use lead A alone in diagnosing R V. 
hypertrophy (signs in 879%) as to use A, B, and C (90°) confirming that R.V. events are displa: ed 
maximally in this lead. Similarly, as might be expected, B displays R.V. events minimally; wi ile 
C is intermediate, the results in this lead possibly being due to rotation. 

The proportion of cases with raised mean pulmonary artery pressure in this series with card o- 
graphic evidence of R.V. hypertrophy on a standard display of 12 leads plus V3R was only 64 jer 
cent, compared with 90 per cent on the A, B, C display. This is highly significant (y2=20-:7; 
P<0-001). It is therefore suggested that the latter are superior for this purpose (Fig. 3). 

A considerable proportion of the patients in this study were subjected to cardiac catheterization 
largely because of the discrepancy between cardiographic and clinical or radiological findings. It 
is submitted that the use of A B C leads in the future would substantially reduce this number. 

At the present time experience with A B C leads is still too limited to justify their replacing ihe 
standard display, but it would certainly seem worth adding them to the routine cardiogram: even 
lead A alone would be an advantageous addition. 


SUMMARY 


The A B Cccardiogram has been analysed in 83 cases of mitral stenosis, 69 with a mean pulmonary 
artery pressure greater than 20 mm. Hg, and 14 with normal pressure, and in 7 cases of pulmonary 
stenosis with high R.V. pressure. : 

An R/S ratio of 1/2 or greater in leads A, B, or C is considered diagnostic of R.V. hypertrophy. 
It is also suggested that maximal R.V. activity is shown in A; and that T wave inversion in A or C 
indicates the severer grades of hypertrophy. 

In this series the A B C leads showed evidence of R.V. hypertrophy in 90 per cent against only 
64 per cent on a 12-lead display plus V3R. 

It is concluded that the A, B, C display (or at least lead A) should be added to the routine cardio- 
gram. 


I am grateful to Mr. F. R. Edwards, Mr. L. J. Temple, Mr. B. J. Bickford, and Mr. J. K. B. Waddington, under 
whose care these patients were admitted, to Mrs. J. Oxley, who recorded some of the cardiograms and some of the 
pressures; and to Dr. W. S. Sutton and C. M. Ogilvie, who performed some of the cardiac catheterizations. 
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THE EFFECT OF ANTIMONY DIMERCAPTO-SUCCINATE 
ON THE ELECTROCARDIOGRAM 


BY 
A. DAVIS 
From the Bilharzia Research Group, Medical Research Council, Nairobi, Kenya 


Received January 1, 1961 


Antimony dimercapto-succinate (TWSb) has been introduced in recent years for the treatment 
of he three main types of human bilharziasis. Preliminary pharmacological studies indicated 
rec uced toxicity compared with the older antimonials (Friedheim et a/., 1954). In view of the known 
cai liographic changes following the use of other trivalent antimonials, the effects of this new 
pre paration were studied. 


Methods. The electrocardiograms were recorded during a small clinical trial previously reported 
(Devis, 1961). Nineteen male African children or adolescents, aged 11-20 years, weighing 26-57 kg., 
anc all suffering from Schistosoma mansoni, Schistosoma hematobium, or double infections were treated. 


| Toial dosage ranged from 1-0 g. in five days to 2-0 g. in three days. The drug was given intravenously in 


divided doses daily. Electrocardiograms were obtained on a direct writing machine, employing the standard 
leads I, II, II, augmented unipolar limb leads, aVR, aVL, aVF (Goldberger, 1953), and chest leads V1-V6 
(American Heart Association, 1938). Twelve lead recordings were made before treatment, daily during it, 
and for the first two or three days after. Follow-up electrocardiograms were recorded in one case at 18 
days, in twelve at between 28 and 33 days, and in five at 13 and 54 days after completion of treatment: one 
patient did not attend for follow up. All recordings were taken with the subject lying comfortably on a 


+ couch, the head of which was raised 30° from the horizontal. None of the patients had physical signs of 
_ cardiovascular disease, none had received any medication during the previous four weeks, and none had had 


antimonial treatment. Continuous cardiograms showed no abnormality during or immediately after 
injection of the drug. 

The electrocardiographic features analysed were the heart rate and rhythm, position, rotation, axis 
deviation, and the presence or absence of right or left ventricular hypertrophy. The amplitude, duration, 
and any special features of the P wave, QRS complex, RS-T segment, and T wave in all leads were recorded. 
The maximal amplitude of R in lead II in all graphs, of R in VL in horizontal hearts and of R in VF in 
vertical hearts was measured. The P-R interval was noted and the QT, calculated. Standardization was 
norma! (1 mv.=10mm. deflection). Criteria of normality were rate, rhythm, position, rotation P-R interval, 
characteristics of P wave, QRS complex, RS-T segment, T wave, and amplitude of R in leads II, VL, and VF 
(Goldverger, 1953); axis deviation (nomogram of Carter et al., 1919); criteria of right ventricular hypertrophy 
(Milnor, 1957); of left ventricular hypertrophy (Grubschmidt and Sokolow, 1957); and QT, (nomogram of 
Kissin et al., 1948). 


RESULTS 


Before treatment 15 of 19 electrocardiograms showed iso-electric or inverted T waves in at least 
one lead. All 15 showed T wave inversion in one or more of the right unipolar precordial leads, 
extending across to V4 in 3 cases, and 8, in addition, had various combinations of inversion of the 
T wave in other leads. 

Changes were observed during treatment in the T waves and QT, intervals. Other analyses 
remained within normal limits. 
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Changes in the T Wave. All patients showed inverted T waves in one or more leads. Thoie 
who had iso-electric or inverted T waves before treatment showed the onset of frank inversion or : n 
increase in the amplitude of inversion. Inversion commenced at different times during treatme t, 
bore no relation to the amount of antimony administered, but was of maximal amplitude on the lz st 
day of treatment or during the first three days after treatment. Inversion was maximal in exte it 
and amplitude in the right unipolar precordial leads and the common pattern was one of progressi 'e 
inversion from right to left across the chest leads. Four of 19 patients showed inversion of the T 
wave from V1-V6 during treatment (Fig. 1). T wave inversion in the standard and augment d 
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Fic. 1.—Electrocardiograms from a patient given a total dose of 1-5 g. TWSb 
i.v. in 5 days. Recorded on the first and third days of treatment. and 
on the first and tenth days after treatment. Showing inversion of the T 
wave progressing from right to left, with subsequent reversion. 


unipolar extremity leads was much less common. There was no relation between total dosage «'r 
dose in mg./kg. and the extent or amplitude of T wave inversion. However, in relation to a specil c 
dose, inversion was greater in the right unipolar precordial leads in those who had inverted T wav: s 
at that site before treatment. Although elevation of the RS-T segment was common, such elevatic 1 
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did not exceed the normal limits as stated by Goldberger (1953), and changes in the segment were 
therefore regarded as being confined to the T wave. 

Follow-up electrocardiograms showed no abnormality in 1 case at 18 days, persistent abnormality 
in 7 of 12 cases at between 28 and 33 days, and in 2 of 5 cases at 54 days after treatment. This 
2 mormality consisted of either persistent inversion of the T wave in the right unipolar precordial 
| ads or failure to regain their amplitude before treatment. In one case T in lead aVL remained 
i verted. 
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12-12-59 


Fic. 2.—Electrocardiograms from a patient given a total dose of 1-0 g. TWSb 
i.v. in 5 days. Recorded before treatment, and on the 3rd, 14th, and 
28th days after starting treatment. 


Changes in the OT, Interval. Prolongation of the QT, was noted in 9 out of 19 series of record- 
ings. This appeared on the last day of treatment or during the first three days after treatment. It 
was transitory, lasting about two days before reverting to normal. 
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Fic. 3.—Electrocardiograms from a patient treated with a total dose of 1-6 g. TWSb 
i.v.in 4 days. Recorded before treatment, and on the second and fourth days of 
treatment. 


DISCUSSION 


The effect of different preparations of trivalent antimony on the human electrocardiogram has 
been well documented, usually in studies on bilharziasis (Mainzer and Krause, 1940; Schroeder 
et al., 1946; Tarr, 1947; Rowland, 1956; T’ao, 1957; O’Brien, 1959; Honey 1960; and others). The 
most constantly observed changes were reduction in amplitude or inversion of the T wave and 
prolongation of the QT interval. These changes were transitory and disappeared in 4-6 weeks. 

Previous studies on TWSb have not emphasized the electrocardiographic findings. Friedheim 
et al. (1954) performed serial records on 10 patients, of whom 6 were treated by the intramusculer 
route and 4 intravenously. Reversible changes in the amplitude of the T wave were noted. It wes 
concluded that even massive doses of TWSb had no significant cardiovascular effect. Schneider 
(1956) disagreed and quoted two cases treated with the drug in which cardiographic changes were 
seen comparable with those of other antimonials. Salem et al. (1957) recorded cardiograms on 12 
patients before and after treatment, 4 of whom showed T wave depression disappearing in two t) 
three weeks. 

It is not proposed to discuss the T wave inversion before treatment except to remark that t 
occurs among Africans of all ages (Brink, 1951; Powell, 1959; and Turner, 1959), and variois 
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theories have been advanced for its causation. Precordial T wave inversion in children is a normal 
finding (Goldberger, 1953). Uncomplicated Schistosoma mansoni or Schistosoma haematobium 
infections do not cause electrocardiographic changes, and thus there can be no doubt that the 
cianges in the present group were due to the drug. These changes did not differ from 
those previously described with the use of other therapeutic trivalent antimonials. 

The exact cause of such changes is unknown. Mainzer and Krause (1940) thought that the T 
vave changes were due to the toxic action of antimony on the heart muscle. Tarr (1947) considered 
t\\ey represented alterations in the electrical activity of the ventricle probably due to a temporary 
d2position of antimony in the myocardium. Magalhdes and Dias (1944) suggested that dilatation 
c the capillaries of the coronary system with resultant diminution in the effective cardiac circulation 
vas responsible. T’ao and Huang (1952), quoted by Huang et al. (1960), initiated the idea that 
a 1timony accumulation in the myocardium caused suppression of intracellular enzymic activity with 
i: ipaired cellular respiration causing a “‘functional disturbance” of the heart. Huang et al. (1958) 
fp oposed a nervous reflex mechanism mediated through the vagus as a causal factor in the dysrhyth- 
ric complications of antimonial therapy. However, they did not deny the local effects of antimony 
c 1 the myocardium and concluded that both mechanisms played a part in their pathogenesis. 

Disturbances of the sympathetic nervous system or of myocardial electrolyte balance have also 
t 2en invoked as etiological agents. Brady et a/. (1945) demonstrated deposition of antimony in the 
tiyroid glands of dogs after injection of radioactive tartar emetic, and minute amounts of the metal 
vere noted in the atria. In other species, Franz (1937) and Bradley and Fredrick (1941) found 
pathological changes in the myocardium after antimonials. The work of Bartter et al. (1947) 
s iggested that while injected antimony was rapidly cleared from the blood stream and a proportion 
quickly excreted, the residuum was dealt with much more slowly. Thus, circumstantial evidence 
has implied temporary myocardial damage from accumulation of toxic trivalent antimony as the 
cause of electrocardiographic abnormalities. 

In the present group of cases, the time of occurrence of maximal electrocardiographic change 
and the fact that the changes were largely reversible over a period of weeks, which roughly paralleled 
the excretion rate of residual antimony, indirectly supported this concept. Hence it can be stated 
that cardiographic changes occur after all types of therapeutic trivalent antimonial drugs and after 
widely varying amounts. Naturally, some preparations produce a greater number of changes than 
others, probably depending on the ease with which antimony is liberated from different compounds 
(Tarr, 1947). It should be noted in passing that cardiographic changes following pentavalent 
antimonials are much less, these compounds being less toxic than the trivalent ones. 

The reason for the predominance of changes in the right unipolar precordial leads was unknown. 
Brink (1951) produced inverted T waves at this site in healthy people by cooling the chest wall, and 
Brink and Goodwin (1952) showed that small superficial areas of muscle damage in the anterior 
myocardial wall produced cardiographic effects comparable with those of the cooling proceedure; 
they suggested that slight muscle damage may result in extensive T wave changes, and that when 
these were the only cardiographic evidence of muscle damage, the lesion was probably not large and 
only superficial. Although changes in the T wave and Q-T interval are often non-specific, in the 
present context they were presumably compatible with temporary superficial myocardial damage. 
The prolonged QT, occurred with a normal QRS and represented an increase in the time taken for 
the stimulated ventricles to return to normal. 

Agreement has not been reached on the clinical significance of the cardiographic changes after 
antimonials, one school regarding them of small import but another viewing their appearance with 
suspicion. Although their significance may perhaps be minimized in relatively healthy Europeans, 
many indigenous inhabitants of the tropics suffer from multiple pathological conditions, and in 
these patients the changes should not be dismissed lightly. Sudden death (Khalil, 1928), acute 
circulatory failure (Talaat and Shoaib, 1947), ventricular dysrhythmias, and Stokes-Adams attacks 
(T’ao, 1957; and O’Brien, 1959) have all occurred during antimony treatment, and bore little relation 
to preceding electrocardiographic change. The exact cause of death was probably ventricular 
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dysrhythmia and the relationship to antimony treatment was well established. For many years 
exercise has been known to be a precipitating factor in such cases (Khalil, 1928). In the prese it 
series patients were confined to bed for two hours following injection, after which they were allow. d 
to take part in light ward activities. One patient showed transient ventricular extrasystoles ai d 
another had a syncopal attack: examination ten minutes after the attack showed no abnormality 

Thus, although antimony dimercapto-succinate may be less toxic than older antimonia’;, 
similar electrocardiographic changes occurred, whether patients were treated intramuscular y 
(Friedheim et al., 1954) or intravenously. These changes were maximal at the end of the period >f 
treatment and probably represented temporary superficial myocardial damage. Advice given ‘9 
children or adolescents to avoid exercise may not be obeyed, and young patients should not le 
discharged prematurely from hospital or out-patient surveillance. As it was impossible to predi ‘t 
which patients would show changes on treatment or at what dosage changes would appear, electr«- 
cardiographic control should be exercised when possible. This is a counsel of perfection in tropic. 
practice where facilities are commonly lacking, and thus the safeguards introduced for use with oth:r 
antimonials should be applied, i.e. avoidance of intensive treatment in underweight or malnourished 
patients, avoidance of antimonials in the presence of clinical heart disease, hepatic disease, and renil 
disease, and a six-weeks interval between courses of treatment. It was encouraging to note that hard 
physical labour after intramuscular courses of TWSb appeared to have no deleterious effecis 
(Friedheim, 1960). 


SUMMARY 


The effect of antimony dimercapto-succinate on the electrocardiogram of African children and 
adolescents was investigated. The changes that were found resembled those caused by other 
antimonial drugs. The importance of damage to the heart during antimony treatment is discussed. 


I wish to thank Dr. P. E. C. Manson Bahr for provision of facilities, and Dr. E. A. H. Friedheim for supply of the drug. 
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Bone formation in the lungs was first reported by Wagner in 1859, although its relationship to 
m ral valve disease was not recognized until 1932 by Salinger. In the past few years several papers 
at put this lesion have appeared reporting small groups of patients or isolated cases (Wells and 
D nlap, 1943; Grishman and Kane, 1945; Steiner and Goodwin, 1954; Short, 1955; Daugavietis 
an 1 Mautner, 1957). The two most comprehensive are those by Whittaker et a/. (1955) and Fleming 
ani Robinson (1957). As a rule patients with radiological evidence of pulmonary ossific nodules 
ar’ men, 20 to 40 years of age, with mitral stenosis, pulmonary arterial hypertension, and often 
wi h calcification of the mitral valve. 

In a recent clinical and radiological review of mitral valve disease we noticed that ossific nodules 
were seen not infrequently on the chest films. We therefore thought it worthwhile reviewing these 
fil:as to assess their incidence and at the same time to evaluate any factors of clinical significance. 

Previous observers have commented on the rarity of this finding and on the large prepon- 
derance in men. The purpose of this paper is to show that this lesion is by no means rare on radi- 
logical examination and, if carefully sought for, particularly by histological means at post-mortem, 
it may prove to be a fairly common finding. This being so, it would follow that the cause of the 
nodules is not to be sought in some rare unspecified complication of mitral valve disease, but pro- 
bably in a well recognized major physio-pathological disturbance. 


PRESENT INVESTIGATION 


A survey was made of the chest films of a group of 204 patients admitted to the Regional Cardiac 
Centre for assessment of their mitral valve disease. A standard postero-anterior chest film and right 
and left anterior oblique views were available for assessment in all cases. The films were reviewed 
jointly by three observers and ossific nodules were considered to be present only when all the obser- 
vers agreed. In several instances one person dissented and such films were classified as ‘‘ doubtful” 
providing the other two supported their presence. If only one observer thought that nodules were 
present the film was excluded from the series. 

There were eight further patients without radiological evidence of ossific nodules, who were not 
included in the survey. All died from their mitral valve disease, and at autopsy one lung was avail- 
able from each patient for detailed examination, the other lung being kept for a separate investi- 
gation. The lung was divided into separate lobes, which were then cut into slices of approximately 
one centimetre thickness in the coronal plane. A contact X-ray film was made of each lung slice 
and carefully examined for the presence of ossific nodules. Sections were then examined from any 
suspicious area after preliminary decalcification. In addition blocks were taken at random mainly 
from the lower lobe and were examined in serial section for ossific or osteoid tissue. By this means 
it was hoped to find ossific nodules at different stages of development. 

Out of the films examined from 204 patients there were 27 with definite ossific nodules and 9 
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cases with “doubtful” nodules. Only the “definite’’ group has been used for analysis. Ossi ‘c 
nodules were found on histological examination in each of the eight patients examined at autop: ,, 
although they were not demonstrated by routine radiology. They have not been included in t! ‘s 
series as they died after the preliminary radiological and clinical survey had been completed. 


Clinical and Radiological Details 
Table I shows the sex distribution of the patients, and Table II gives the clinical and radiologic | 
findings in those with ossific nodules. Included in the 27, were 14 men and 13 women. Thuv,, 
TABLE I 
THE SEX DISTRIBUTION OF THE SERIES WITH THE INCIDENCE OF OsSIFIC NODULES 





Total No. of No. of patients Percentage with 








patients | with nodules | ossific nodules 
Men ne c- areal 57 | 14 24:5 
Women... at el 147 | 13 | 8-8 





Total ny = me 204 27 | iss 





the patients were evenly divided between the sexes, but in the series as a whole there were 147 women 
and 57 men, a ratio of female to male of 2-5 to 1. Therefore, the incidence of ossific nodules was 
13 per cent of patients taken as a whole, but in 25 per cent of men and 9 per cent of women. 
That is three times as frequently in men as in women. 

The age of the patients varied from 24 to 52 years, the average age being 35-7 years for the group 
with nodules. For men the average age was 36-7 years and for women 35 years. In the series as a 
whole the average age was 37 years for men and 39-4 years for women. There were, therefore, no 
special features regarding the age of those patients with ossific nodules. A clear history of rheu- 
matic fever or chorea was given by only 8 patients. 

Paroxysmal nocturnal dyspneea was present in over one-third (11 patients). This is of special 
interest as Fleming and Robinson (1957) specifically recorded the absence of this symptom in their 
8 patients and it was present in only 2 of the 7 reported by Whittaker ef a/. (1955). Hzmoptysis 
had occurred in 18 of the 27 patients with nodules, but it did not appear to be more severe or 
more frequent than in other patients in the group as a whole. Congestive cardiac failure was 
present in 7 (4 women and 3 men) but without any special features. 

Twenty of the 27 patients had cardiac catheterization studies performed. In 9 the pul- 
monary artery systolic pressure was 65 mm. Hg or over, and in four of these the pressure 
was over 100 mm. Hg. The other 11 showed normal pressures in 4 (below 35 mm. Hg systolic) and 
ranged from 40 to 55 mm. in the other 7 patients. The mean pulmonary wedge pressure (indirect 
left atrial pressure) was measured in 17 and this was above normal in all but one being 
20 mm. Hg or more in 13 patients. Furthermore, septal lines were visible on 17 of the X-ray 
films assessed, and eleven patients gave a history of paroxysmal nocturnal dyspneea. It is considered 
that each of the three findings of paroxysmal nocturnal dyspneea, septal lines, and an indirect I-ft 
atrial pressure above 20 mm. Hg may be taken as evidence of pulmonary venous hypertension 
(Carmichael et a/., 1954; Grainger and Hearn, 1955; Rossall and Gunning, 1956.) Twenty-four 
patients had at least one of the above findings and hence by inference had significant pulmonary 
venous hypertension. 

Apart from the 17 patients showing septal lines, and hence radiological evidence of pulmona ‘y 
venous hypertension, 9 showed vascular patterns in keeping with severe pulmonary arter al 
hypertension (Davies et al., 1953). The size of the nodules and the number of the lung fice d 
zones in which they were present could not be correlated with either the pulmonary artery pressu 
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TABLE II 
DETAILS OF THE CLINICAL, HAMODYNAMIC, AND RADIOLOGICAL FEATURES IN THE GROUP OF PATIENTS WITH OSSIFIC 
NODULES 
Nodules 
‘ase Age Sex Paroxysmal P.A. ““Wedge”’ | Radiological | Maximum Zones 
n mber dyspnea pressure mean septal size involved 
(mm. Hg) pressure lines |  (mm.) 
| (mm. Hg) 
Lae sy. —- | 145/50 a ge Toe 
| | LLZ 
| | | | | Mz 
- 3 29 M vis | 120/50 | 42 * + RLZ 
| | | LLZ 
te ee ae | 90mean | 35 | ~ | 50 RLZ 
| | | | | | | LLZ 
| | | | 
| | | | | RLZ 
Ee ce sa ae - | 90 mean | ~ + 6-5 RMZ 
| | | LLZ 
3s |e |v Te 927/40 | 22 =| 4+ 6-0 RLZ 
| | | | | LLZ 
es | # “+ = 85/50 | 30 + 4-0 Diffuse 
| L=R 
. 3 38 M | - 80/35 | 24 _ | 2-5 RLZ 
| Liz 
8 28 M a 70/35 | 25 - | 4 | RLZ 
| | | | | | LMZ 
; | Niel] = + oe | so: 25 | RLZ 
| | | | | LLZ 
| | 
| | | RLZ 
10 =| 29 b _ } 55/20 | 24 + 3-0 LLZ 
| | Mid-zones 
Rk 2: | “Sit Bh ak ee 2:5 RLZ 
| | | | | LLZ 
—ao. | | 
12 2 | M + | See | -e UF Ce 5-0 RLZ 
| | | LLZ 
so | 8 in + 50/15 | 10 + 3-0 Diffuse 
| | Ret 
wot Be fe 50/25 | 25 _ | 3-0 RLZ 
| | | LLZ 
Ret 22 See 45s | 22 - | 35 RLZ 
.s. | a M | ~ 38/20 | 16 | + | 40 RLZ 
| | ! | Liz 
y 4-2 M | - 35/25 | 21 | + 2-0 RLZ 
| | | LMZ 
: | RLZ 
18 45 | F + 35/15 10 _ 3-0 RMZ 
| | | LLZ 
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TABLE II—cont. 
DETAILS OF THE CLINICAL, HAMODYNAMIC, AND RADIOLOGICAL FEATURES IN THE GROUP OF PATIENTS WITH Oss £ic 





















































NODULES 
; : = 
| | | | | Nodules 
Case Age Sex | Paroxysmal | P.A. | *“*Wedge”’ | Radiological} Maximum Zones 
number dyspnoea pressure | mean septal size Involved 
(mm. Hg) | pressure lines (mm.) 
| | (mm. Hg) 
| | | — 
eo.) @ eee =. 27/15 | 6 + 3-5 RLZ 
| | | LLZ 
i | — 
20 ce Ae me — 25/10 _ - 3°5 RLZ 
| | LLZ 
ee SE, + ee’ _ - 2-0 RLZ b 
2 | 32 M i ee - ~ 3-5 Tt: 
| | LLZ 
3s ism | F 4 - _ ~ 70 | RLZ i‘ 
| | tke 
24 | 28 F oe ns w 2-0 RLZ Bi 
| | LLZ 
25 | 47 | M es = _ + 2:0 Diffuse % 
| | | | | R=L 
s% | S | F | ~ | - - | | 4-0 RLZ 
| | | LLZ 
| | | | | : —_— 6 
27 | 3 =| M | + | - | - | + | 40 | RMZ 
| | | | | | | LLZ 





P.A.=Pulmonary Artery. R.L.Z.=Right lower zone. R.M.Z.=Right mid zone. L.L.Z.=Left lower zone. L.M.Z.=Left mid zone, 


- 


or the mean pulmonary wedge pressure.* Only two films of the series showed hemosiderosis (7-4 
per cent). In the whole group of 204 patients it was present in 24 (11-8 per cent). 

Mitral valve calcification was not sought for in all patients by fluoroscopy or tomography of the 
heart. Therefore, to assess the relative frequency of valve calcification, a group of 164 patients 
subjected to mitral valve surgery was studied as a control group, the operating surgeon classifying 
valve calcium into three grades of severity if it was present on palpation at operation. 

The results were compared with 18 patients with ossific nodules who had an operation, in whom 
it was possible to assess the valve in a similar fashion (Table III). Wood (1954) found that 28 
per cent of his patients had surgically detectable calcium at operation, and Goodwin et al. (1955) 
found it to be present in 37 per cent of their surgical series. Our figure of 32 per cent (Table III) 
agrees reasonably well with these previous findings. Valve calcium was present in 39 per cent of 
the ossific nodule group, which, therefore, shows no significantly higher incidence of calcification. 
Men, however, in the group as a whole have almost twice the frequency of valve calcification and t)1is 
also applied to patients with ossific nodules. 

Diffusely scattered small calcified lesions in the lung fields may be due to a variety of disorde’s. 
Calcified miliary tuberculosis is usually more diffuse than are ossific nodules and affects all lu 1g 
zones. Histoplasmosis and coccidioidomycosis cause similar lesions of a diffuse nature. P il- 
monary alveolar microlithiasis produces a fairly typical radiological picture. Sarcoidosis, pn¢ u- 
moconiosis, hemosiderosis, and bilharziasis also need to be considered. Most of these lesicns 


* Correlation coefficient (r), and significance (p): Mean Sie. wedge pressure and nodule size: 
Pulmonary systolic pressure and nodule size: r+0 >0-6 
r+0-22, p<0-4: >0:3 — Eapilay wedge pressure and number of zones affected: 
ere ye ‘gw ey and number of zones affected: 14, p<0-6: >0°5 
p< 
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TABLE I 


PULMONARY OSSIFIC NODULES 





II 


VALVE CALCIFICATION ASSESSED AND GRADED AT OPERATION 


























(Whole group) (Ossific nodule group) 

. Men | Women | Total | Men | Women | Total 
Ne valve calcification 21 90 S35 oes “Shs ee 

Sli ht valve calcification .. c 10 13 1 0 1 

Mi derate valve calcification mtn 4 7 0 1 1 

Se" ere valve calcification . . 2 | ; at Soe ae 33 4 1 | 5 
To al patients if 4 | ous 3 2 we “et es ae 
Nu nber with valve calcium | 25 28 53 5 . 1 coe 
Pe centage with valve calcium | 54:3 | 23-7 32-3 62:5 20 39 





Three grades of calcification as assessed by the surgeon at operat 





Fic. 


1.—Case 4.  Postero-anterior radiograph 
showing the distribution of the nodules in both 
lower and mid-zones, and particularly at the 
right base. Maximum diameter of the nodules 
is 6:5 mm. There is radiological evidence 
of pulmonary arterial hypertension and septal 
lines are also present. (Film taken three years 
after mitral valvotomy.) 


ion. 


Corresponding to, slight; moderate; and severe. 





Fic. 2.Enlargement of the right base from Case 
4 showing greater detail. 


are in fact much less sharply defined than ossific nodules and in the presence of mitral valve disease 


there is rarely any difficulty in diagnosis. 


throughout the lung fields but tended to thin out 


affected. Their size varied from 2 mm. diameter to a maximum of 8 mm. 


The nodules were normally most conspicuous in the lower 
zones and particularly at the right base (Fig. 1 and 2). 


Occasionally they were diffusely distributed 
towards the apices, which were only rarely 
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Fic. 3.—Case 9, September 1956, showing pul- Fic. 4.—The same patient as in Fig. 3. February 
monary interstitial cedema without radio- 1960, showing the development of nodules 
logically visible ossific nodules. during a period of over three years. (Arrowed.) 





Fic. 5.—Enlargement of the right base of lung shown in Fig. 4. 
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It is probable that the rate of development of the nodules is very slow and we tried to assess the 
rate of progression of the nodules from serial films. The appearance varies a good deal with the 
radiological technique, which had not been uniform over the several years between different films, 
but although the length of time between the films varied from one to five and a half years, there was 
lit'le apparent significant change in any of our patients. 

Figures 3 and 4 show the development of nodules over a period of three years (Case 9). This 
pa‘ient died and the presence of ossific nodules was confirmed at autopsy (Fig. 5 and 6). In the 
paser by Whittaker et al. (1955) their Case 3 shows moderate progression over a period of 
th ee years, but none of our own patients with established ossific nodules showed this degree of 
chinge. The nineteen patients who have been operated on have been followed up for from one 
to four years, without any showing radiological regression of their lesions. 





Pc thology 


The nodules are yellowish-white and of bony consistency, varying in size from two to eight 
m: limetres. Usually they are rounded and often mulberry shaped. They are easily shelled out 
of the lung and specimens need to be handled carefully in order to obtain histological sections. 

Microscopically the bone is lamellar and mature in type and the alveolar walls are closely applied 
to the surface of the bone, which appears to be intra-alveolar. Osteocytes are scattered diffusely 
th oughout the bone. 

At the periphery of the nodules osteoid tissue has been found. There was no evidence of 
ca cification without bone formation and the bone appears to be formed by calcium deposition in a 
m: trix of osteoid tissue. Elkeles and Glynn (1946) found that the framework of the lung was 
in orporated in the developing bone, and demonstrated continuity of the elastic tissue of the sur- 
ro inding lung through into the bone of the nodule. We were unable to demonstrate this in our own 
sections even though the larger nodules clearly overlap several adjacent lung lobules. Neither did 
any show the presence of bone marrow which has also been described. Hemosiderin has not been 
conspicuous in any of the sections, which agrees with the previous observations of Whittaker et al. 
(1955) and Fleming and Robinson (1957). 


DISCUSSION 


The radiological findings in our series of 27 patients with pulmonary ossific nodules and mitral 
valve disease are similar to those described by numerous other authors in respect of size, appearance, 
and distribution. On this basis we feel justified in considering them to be composed of osseous 
tissue although biopsy proof was obtained in only one case. 

Although small groups of cases of ossific nodules have been reported, no survey of the incidence 
of these nodules has been carried out so far as we are aware. There is a brief comment in a paper 
by McAffee and Biondetti (1957) that they were present radiologically in 10 per cent of 150 con- 
secutive mitral valvotomy patients, but no further information is given. This agrees well with 
our own assessment of their presence in 13 per cent of over 200 patients with mitral valve disease. 

Our cases are divided equally between the sexes, which is rather a different ratio to the over- 
whelmingly large number of cases in men previously reported, although when the relative incidence 
is worked out, nodules were present in 24-5 per cent of the men and in only 8-8 per cent of the 
women. Thus they are three times as common in men. 

At the beginning of this paper we mentioned a group of 9 patients classified as having “doubtful” 
nodules because one of the three observers dissented. Without a biopsy or a prolonged follow up 
of this group there is no way of achieving a decisive answer. 

In Case 6 of Whittaker et al. (1955) and Case 3 of Wilson et al (1959) ossific nodules were 
found on biopsy and at autopsy respectively, although they were not visible on the chest films. 
We have also found ossific nodules at autopsy in the lungs of eight patients who had moderately 
severe mitral stenosis. These patients have died in recent months and although their chest 
films showed no evidence of nodules, the lungs were carefully sectioned and examined post 
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Fic. 7.—Low power view of part of an ossific 
nodule, showing the lamellar bone and osteo- 
cytes (arrow). (H. & E., x50.) 


Fic. 6.—Post-mortem contact X-ray of 1 centi- 
metre lung slice taken from the lower lobe of 
Case 9. This approximately corresponds 
to the area shown in Fig. 5 and shows several 
ossific nodules. 


mortem with the aid of contact radiography of thin slices of lung, together with histological exami- 
nation of suspicious areas. These observations suggest that ossific nodules are much more frequent 
than has previously been realized and, in fact, they may be found in a high proportion of the lungs 
from patients with mitral valve disease if carefully sought for at autopsy. Lendrum et al. (1950) 
found ossific nodules in 3 out of 26 cases examined histologically post mortem although there is no 
information regarding the radiological findings in these cases. 

Hitherto only the most florid maifestations have received attention because they are visible 
radiologically. It is perhaps not too far-fetched to draw an analogy with hemosiderosis, since the 
work of Lendrum et al. (1950) showed this lesion to be not uncommon radiologically and very 
common indeed on histological section, if appropriate staining of the lung was undertaken in cases 
of mitral valve disease. 

In assessing our group of patients with pulmonary ossification, we compared several factors with 
the incidence in the group of 204 patients as a whole to see whether this would shed any light on ‘he 
etiology. There was no correlation with age, symtomatology, cardiac rhythm, heart size, pul- 
monary arterial pressure, or the presence of hemosiderosis or valve calcification (Tables II and I’1). 

Twenty-four out of the 27 patients had evidence of significant pulmonary venous hypertens on 
using one or more of three factors thought to be criteria of its presence. That is, a history of 
paroxysmal nocturnal dyspnoea, the presence of septal lines on the chest film, and a pulmon: ry 
wedge mean pressure of 20mm. Hgormore. Two of the remaining three patients came to operation 
because of severe breathlessness and both had “‘critical’’ mitral stenosis (Wood, 1954). Thus a 
raised venous pressure may well be inferred on clinical grounds. A high pulmonary artery pressi re 
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in mitral stenosis is almost invariably associated with considerable pulmonary venous hypertension, 
although it is not proportionately related to it. Fleming and Robinson (1957) noted the presence 
of septal lines in all their cases, although none of them gave a history suggestive of pulmonary 
venous congestion, and we would agree with their statement that septal lines in mitral valve disease 
are evidence of a previously raised pulmonary venous pressure. Transient lines are probably due 
to «edema of the inter-lobular septa (Rossall and Gunning, 1956) while hemosiderin deposition or 
fitrous thickening may be responsible for persistent septal lines (Fleischner and Reiner, 1954). 

In a disorder like mitral stenosis, where there are profound and complicated changes in the 
pt monary circulation it does not follow that there is a direct relationship between two factors 
be ause they change simultaneously. The association of ossific nodules with intra-cardiac calci- 
fic tion has been previously noted but, in fact, is probably due to both developing in the same 
citcumstances. Valve calcification as assessed at operation is no more common in the nodule cases 
th n in the group as a whole (Table III) and both factors appear to be more common in men. 

The ossification in intra-alveolar (Elkeles and Glynn, 1946; Lendrum ef a/., 1950; Fleming and 
R« binson, 1957) and our own histological sections bear this out (Fig. 7). Lendrum et al. (1950) 
su -gested that the ossification develops in areas of intra-alveolar oedema, and although their views 
or the mechanism of the production of pulmonary cedema in mitral valve disease are open to criti- 
ci: n, this in no way precludes the possibility of the pulmonary cedema being the site of formation 
of he ossific nodules. Hemosiderosis was less common radiologically in the group of patients with 
nc jules than in the group as a whole, and this finding, together with the presence of only small 
an ounts of hemosiderin in lung sections from our eight autopsy cases with histologically proven 
no jules, suggests that hemosiderosis is not the precursor of nodule formation, as suggested by 
La vson (1949) and Ellman and Gee (1951). Hemosiderosis was also inconspicuous in the cases 
rey orted by Whittaker et al. (1955) and Fleming and Robinson (1957). 

In mitral stenosis, pulmonary oedema is closely related to the pulmonary venous pressure and 
he.ice the evidence of its significant elevation in nearly all our patients is indirect evidence supporting 
the hypothesis of Lendrum et al. (1950). All the patients reported by Fleming and Robinson (1957) 
had septal lines present on their chest films. 

Severe pulmonary arterial hypertension, although present in several of our patients, does not 
seem to be necessary for the development of nodules. Of 20 patients, on whom catheterization 
studies had been performed, there were 9 with a pulmonary arterial systolic pressure of 50 mm. Hg 
or below, and 4 with a normal pulmonary artery pressure. Furthermore, the size and frequency 
of the ossific nodules is not related to the pulmonary arterial pressures. 

Nodules vary from 2 to 8 mm. in diameter and rarely show progressive change in serial films 
viewed over a period of several years. None have been reported with a diameter of more than 
10mm. This suggests that there is a limited upper size to these lesions and it is possible that their 
size is limited by that of the secondary pulmonary lobules, which are surrounded by a framework 
of connective tissue and lymphatic vessels (Miller, 1947). 

Calcium salts are normally deposited only in bone and teeth but pathological calcification is 
frequent in soft tissues and as concretions in excretory or secretory passages. Apart from calcium 
deposition in dead or degenerating tissues it is also known to occur in tissues that lose hydrogen 
ions and alter their pH. This occurs in the stomach, renal tubules, and lung alveoli. Metastatic 
calcification develops in generalized disturbances of calcium metabolism, for example in hyper- 
parathyroidism. Studies of calcium metabolism were not carried out in any of our patients as 
there were no clinical reasons for suspecting a disorder of calcium metabolism. The only such 
studies carried out in patients with ossific nodules were those of Pezzuoli et al (1955) who reported 
biochemical details in two patients, and their investigations showed no abnormality. Alveolar 
calcification has been described in hyperparathyroidism and inflammatory lesions of the lung 
(Barnard, 1946). 

Pathological ossification often develops in areas of dystrophic calcification but this does not seem 


to be the sequence of events in the development of ossific nodules. The nodules develop as true 
a 
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bone in relation to osteoblasts without any preceding calcification, and they are in fact area: of 
calcified osteoid tissue. 

All the information available from our own study and from other papers favours the \ ew 
that ossification develops in areas of pulmonary intra-alveolar edema. The pulmonary ced: na 
itself depends on the presence of pulmonary capillary hypertension secondary to pulmor iry 
venous hypertension. That the nodules are more common in the lower lobes may depend on ‘he 
presence of a higher pulmonary venous pressure in the lower lobes due to a hydrostatic effect (D« yle 
et al., 1957; Grainger, 1958). Although acute pulmonary cedema tends to be perihilar, chrc aic 
pulmonary cedema is more common in the lower zones (Jackson, 1951). 

Only two patients in the series showed clinical evidence of dominant mitral regurgitati )n. 
Pulmonary venous hypertension usually appears relatively late in the natural history of mi ral 
regurgitation and is often due to left ventricular failure. Its duration is, therefore, less prolon ‘ed 
than in dominant mitral stenosis (Wood, 1956). This may be the main reason for the very ew 
reported cases of ossific nodules associated with mitral regurgitation. 

Ossific nodules have never been reported in patients with pulmonary arterial hypertension cue 
to other causes, such as congenital heart disease, cor pulmonale, or primary pulmonary hypertension, 
where the pulmonary venous pressure is not increased. Neither have they been observed in otier 
disorders with a raised pulmonary venous pressure such as cor triatriatum or left atrial myxoma, in 
which they theoretically could develop if the hypothesis of underlying pulmonary cedema is a correct 
one. Such cases are extremely rare so that it is not surprising that ossific nodules have not so far 
been reported. We have recently had the opportunity of examining the lungs of a woman aged 39 
years, who died from recurrent pulmonary cedema and congestive cardiac failure due to a left 
atrial myxoma. The lungs were examined by the technique described above and ossific nodules were 
found to be present, although they were not visible radiologically. The chest film showed con- 
spicuous septal lines. There was no evidence of rheumatic endocarditis in this patient and it seems 
reasonable to infer a causal relationship between the mechanically obstructed mitral valve with 
consequent. pulmonary venous hypertension and the presence of ossific nodules. 

Left ventricular failure, due to disorders such as hypertension, coronary artery disease, or aort. 
valve disease is usually of short duration and even with modern treatment is not likely to persis. 
for more than two to three years. This time is probably too short for ossific nodules to develop. 


SUMMARY 


In a routine radiological survey of 204 patients with mitral valve disease, 27 patients (13°%) were 
found to have clearly defined pulmonary ossific nodules. They were present three times as often 
in men as in women, when allowance was made for the sex ratio in the series as a whole. They 
appear to be much more common than previously supposed, probably because attention has been 
focused on the more florid radiological appearances. 

In addition, the lungs from eight patients with mitral stenosis examined carefully at autopsy 
were all found to contain ossific nodules despite their absence radiologically, again favouring the 
view that nodules are common. 

These cases were reviewed with reference to clinical findings, other radiological features, catheter 
studies, and the presence of valve calcification assessed at operation. There was no apparent 
relationship to age, symptomatology, cardiac rhythm, heart size, pulmonary arterial hypertension, 
hemosiderosis, or valve calcification. The most significant finding was pulmonary venous hyrer- 
tension, which was present in 24 of the 27 patients with nodules, using one or more of three crité ria 
of its presence: that is, a history of paroxysmal dyspneea, septal lines on the chest film, and a fy ul- 
monary wedge mean pressure of 20 mm. Hg or more. Pulmonary venous hypertension \/as 
inferred in 2 of the 3 others who had an operation because of progressive symptoms. 

The nodules were shown histologically to be intra-alveolar and composed of lamellar b: ne 
formed on a basis of osteoid tissue, there being no evidence of calcification preceding the b« ne 
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of formation. It is suggested that the ossific nodules develop in areas of subacute pulmonary intra- 
alveolar oedema, indirectly due to a raised pulmonary venous pressure. The nodules are more 
ew ni:merous in the lower lobes, and this may depend on a hydrostatic effect producing a relatively 
na higher pressure than in the upper lobes. 
wry A patient with a left atrial myxoma with ossific nodules is described; and this is presented as 
he a ditional evidence favouring the hypothesis that pulmonary venous hypertension is the critical 
-yle f; ctor in the pathogenesis of the nodules. 
ric In mitral valve disease and particularly in mitral stenosis there is a sufficiently prolonged period 
© pulmonary venous hypertension for the necessary pathological changes to develop. 
yn, 
| ral We are indebted to Dr. E. Noble Chamberlain, Dr. E. Wyn Jones and Dr. C. S. McKendrick for allowing us 
1 ced a ess to their patients in the Regional Cardiac Centre, Sefton General Hospital, and to Mr. L. J. Temple for his 
ew ce 2ful notes recorded at operations on these patients. 


Dr. J. A. Ross has allowed us to use the material collected in the Department of Radiodiagnosis at Sefton General 
H_ spital; Dr. Roger Chapman was kind enough to help with the pathological and histological studies, and Dr. C. M. 
cue M ler permitted us to use the data from the case of left atrial myxoma. 
We would also like to record our gratitude to the technical staffs in the Cardiological and Radiological Depart- 


108, m its, and to Mr. Alan Scott for the preparation of the histological sections and microphotographs. 
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CONGENITAL TRICUSPID ATRESIA WITH TRANSPOSITION 
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Congenital tricuspid atresia has been classified into two groups, those with and those without 
transposition of the great vessels (Kiihne, 1906). Each of these groups is further subdivided 
according to whether there is an increase or a decrease in the pulmonary blood flow (Edwards and 
Burchell, 1949). Tricuspid atresia with transposition of the great vessels and an increase in pul- 
monary blood flow is uncommon and is associated with an average survival time of three months 
(Keith et al., 1958). We have recently had the opportunity to study three hearts with this defect, 
one from a boy who survived for five years. 


CASE HISTORIES 


Case 1. A female child aged 9 days was admitted to the Royal Maternity Hospital, Belfast in 1953. 
She was grossly cyanosed and dyspneeic at rest, and had cardiac failure. Her condition deteriorated and she 
died one day after admission. 

Autopsy. Apart from pneumonia in the upper lobe of the right lung the abnormal findings were confined 
to the heart and great vessels. There was tricuspid atresia, the remnants of the tricuspid valve being repre- 
sented by a small depression in the floor of the right atrium. There was a large patent foramen ovale. 
The venous drainage to the atria was normal. 

The mitral valve opening was large, being 4 cm. in circumference, and opened into a large ventricular 
cavity, the wall of which was 9 mm. thick. There was a large ventricular septal defect, the septum being 
represented by a small thick band of muscle, 7 mm. high, lying just below the great vessels. The great 
vessels were completely transposed. There was no pulmonary valve stenosis, the pulmonary trunk being 
almost twice the diameter of the aorta. There was a preductal coarctation through which a probe, 1 mm. 
in diameter, could just be passed. The ductus arteriosus was patent. The branches of the aorta were 
otherwise normal. The only histological feature of note was confirmation of the pneumonia in the lung. 
There were no pulmonary vascular lesions. . 


Case 2. A female child aged four days was admitted to the Ulster Hospital for Children and Women 
in 1958 with a history of cyanotic attacks while feeding. She was cyanosed and in congestive cardiac 
failure. Radiological examination of the chest showed generalized cardiac enlargement with much 
pulmonary plethora. In spite of therapy the child’s condition worsened and she died at the age of 7 weeks. 

Autopsy. The only abnormal findings were confined to the heart and great vessels. There was tricuspid 
atresia, a patent foramen ovale, and a wide mitral valve opening, 5 cm. in circumference. Both atria were 
dilated but had a normal venous drainage. The only evidence of ventricular separation was a thick baad 
of muscle, 8 mm. high, just inferior to the origin of the great vessels. There was complete transposition of 
the great vessels. The aortic valve was 18 mm. and the pulmonary valve 24 mm. in circumference. 1! Jo 
coarctation was present and the ductus arteriosus was closed. Histological examination of the lur gs 
revealed no abnormal findings. 


Case 3. A boy, aged five years and ten months, was admitted in 1958 to the Royal Belfast Hospi<al 
for Sick Children, having had a small hemoptysis. His previous history consisted of two attacks of card ac 
failure and cyanosis, the first at the age of six weeks and the second two months before admission, follow: og 
an attack of whooping cough: both responded to treatment with digitalis. Exercise tolerance, thou zh 
limited, was sufficient for ordinary activities, apart from the periods when the child was in cardiac failue. 
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On admission he was dyspneeic at rest and cyanosed, with clubbing of the fingers. The venous pressure 
was raised, the liver was enlarged, and there were crepitations at both bases. There was marked cardiac 
enlargement. There was a rough systolic murmur at the lower end of the sternum, accompanied by a thrill, 
and an early diastolic murmur over the pulmonary area. Radiological examination of the chest showed 
generalized cardiac enlargement with considerable pulmonary plethora. An electrocardiogram recorded 
0 admission showed the presence of sinus rhythm at a rate of 115 a minute and absence of the R waves 
o er the right precordium. 

In spite of treatment with salt restriction, digitalis, and chlorothiazide, his condition rapidly deteriorated 
a d he died two days after admission before further investigation was possible. 

Autopsy. The relevant pathological findings were confined to the heart and lungs. The heart was 
e larged and the main abnormalities are illustrated in Fig. 1 and 2. There was a normal venous return 
t' both atria. There was tricuspid atresia. A large defect was present in the atrial septum in the region 
© the fossa ovalis due to gross fenestration of the septum primum (see in Fig. 1). The left atrium was 
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Fic. 1.—Photograph showing the left atrium, its septal Fic. 2.—Diagram of the circulatory abnormalities in 
defect (ASD), the mitral valve, and a large left Case 3. The direction of blood flow is shown by 
ventricle. The large pulmonary trunk (PT) is arising the arrows. S.V.C. and I.V.C.=superior and 
from the left ventricle and a probe lies in the ventri- inferior vena cava. R.P.A.and L.P.A.=right and 
cular septal defect. The arrow indicates a patch of left pulmonary artery. R.P.V. and L.P.V.=right 
atheroma in the pulmonary artery. Case 3. and left pulmonary vein. R.V. and L.V.=right 


and left ventricle. 
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Fic. 3.—Case 3. Lung showing hypertrophy of the Fic. 4.—Case 3. Smaller arteries in the lungs, two of 
elastic and muscular tissue of the media of a which are entirely occluded by fibrous tissue. Hama- 
medium-sized artery, with moderate elastic tissue toxylin and eosin: x 75. 
proliferation of the intima. Hart van Geison: x75. : 


moderately dilated and led into a wide mitral valve orifice which was 7 cm. in circumference. The left 
ventricle was dilated and hypertrophied (10-12 mm. thick). Most of the cardiac enlargement was due to 
the left ventricle. 

There was complete transposition of the great vessels. The pulmonary trunk was large, being 6 cm. in 
circumference at the valve: it had a smooth intimal surface, but its main branches showed much atheroma 
(Fig. 1). There was a small oval ventricular septal defect, at the lower edge of the membranous septum 
but entirely bounded by muscle, 4x 8 mm. in size: it led into a small right ventricular cavity (Fig. 2). The 
endocardium surrounding the defect was pale and fibrosed. The aorta was relatively small, being 3-5 cm. 
in circumference at the valve. The ductus arteriosus was not patent and there was no coarctation. There 
was a small 8 mm. diameter healed infarct in the left kidney. 

Microscopical Examination. All organs were examined microscopically and the only abnormal findings 
were found in the vascular system of the lungs. There was thickening of the intima due to atheroma in the 
large pulmonary arteries at the hilum of the lung. The walls of the medium-sized arteries showed moderate 
muscular hypertrophy and prominent elastic tissue hyperplasia in the media (Fig. 3). Many of the smaller 
arteries were occluded or narrowed by fibrous tissue which probably represented organized thrombi (Fig. 4). 
However, in a few of the medium-sized arteries this intimal thickening was partly composed of elastic tissue 
(Fig. 3). An occasional vessel showed well-marked arteritis with fibrin and polymorphonuclear leucocytes 
throughout the wall. Occasional giant cells were seen close to the walls of some of the arteries. 


DISCUSSION 


The three cases of tricuspid atresia presented are part of a collection of 175 autopsy specimens 
of congenital heart disease that were available for examination. Tricuspid atresia is a fairly u1- 
common form of congenital heart disease and is always, as in these cases, associated with an apertue 
in the atrial septum and a wide mitral valve opening. Each of our three cases had complete trans- 
position of the great vessels and a wide pulmonary trunk. 

We have been able to find 17 similar reported cases (Table I). These are described as tricusp d 
atresia type IIb by Edward and Burchell (1949). 

As Keith et al. (1958) have stressed, few of this group lived for longer than three months (Tatle 
In this respect Case 3 was unusual in surviving for nearly six years: he was also unusual ai d 
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TRICUSPID ATRESIA 
TABLE I 


CASES OF TRICUSPID ATRESIA WITH TRANSPOSITION OF THE GREAT VESSELS 








Author Sex Age 

Robertson (1911)... Me oe a — | 9 weeks 
Wason (1934) ts ea Pe — Male | 3 months 
Dunsky (1947) ; Be pve is Male | 5 days* 
Dickson and Jones (1948) we wk ne Male | 3 months* 
Robinson and Howard (1948) Pe sig Male 64 months 
Edwards and Burchell _— se te Male 4 months 
Kroop (1951) ‘ ne Fs Female 5 months* 
Ross (1952) .. - es = Male 15 days 
Chiche (1952), Case 9 . aa ee — | 5 weeks* 
Marder et al. (1953), Case 3 ae ne Male —* 
Astley et al. (1953), Case P.T. = | Male 2 years 
Brown and Gerlis (1954), Slide No. 52... Male 3 days* 
Keith et al. (1958), 4 cases .. : — -- 
Ohanessian and Rodriguez (1959), ‘Case 1 Male | 4 years* 
Macafee and Patterson, Case 1 (A.10545) Female 10 days* 

és Case 2 (A.14980) Female 7 weeks 

" Case 3 (A.15343) Male 5 years 10 months 





*These patients had coarctation of the aorta. 


di fered from Cases 1 and 2 in that the ventricular septal defect was small, while in all but 2 of the 
1° cases the defect was large (Robinson and Howard, 1948; Brown and Gerlis, 1954). The high 
in-idence of coarctation of the aorta in this group has been noted previously (Keith et al/., 1958) and 
Case | is a further example of this association. 

The fact that 11 cases are male, out of a total of 14 in which the sex is recorded, is in keeping 
with the known male preponderance in transposition of the great vessels. The presence of much 
fenestration of the septum primum in Case 3 is an uncommon finding. Edwards and Burchell 
(1949) state that “defects of the atrial septum, other than patency of the foramen ovale, are the 
exception rather than the rule” in tricuspid atresia. 

The lesions in the pulmonary vascular tree in Case 3 are of interest. Ohanessian and Rodriguez 
(1959) reported pulmonary vascular changes in a boy, aged 4 years, and described briefly the histo- 
logical appearances as showing “‘some sclerosis of the pulmonary arteries”: though no illustrations 
were shown, this probably represents the early vascular changes of pulmonary hypertension. 
In Case 3 there were atheromatous plaques in the large elastic pulmonary arteries, and the 
media of the muscular arteries was thickened. These latter arteries showed very little intimal 
proliferation but this is only to be expected at this early age (Johnson, 1958). In addition this 
case showed two other striking pulmonary vascular lesions, namely, a necrotizing arteritis and 
organization of thrombi. Both these lesions are explained by the presence of pulmonary hyper- 
tension (Old and Russell, 1950). Possibly the thrombi are a consequence of the arteritis though 
they have been described in severe pulmonary hypertension. This is the second patient in whom 
pulmonary vascular lesions have been found, and both of them had survived longer than is usual in 
this condition. 


SUMMARY 


Three cases of tricuspid atresia with complete transposition of the great vessels and a large 
pulmonary blood flow have been presented. 

One of these survived for an unusually long time and developed, at a comparatively young age, 
the histological features of severe pulmonary hypertension. 


We are indebted to Dr. J. F. Pantridge, Professor J. H. Biggart, and Dr. E. Florence McKeown for their helpful 
advice and criticism. We also wish to thank Mr. D. Mehaffey for the photographs and Mr. G. Smith for drawing 
the diagram. 
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WEIGHTS OF CARDIAC VENTRICLES AT AND AFTER BIRTH 
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Opinion has been divided on the ventricular weight preponderance of the heart at birth. 
S igelius (1626) and William Harvey (1628) considered the ventricles equal; Miiller (1883) mentioned 
th: right as being less; and Patten (1930) found that the right outweighed the left by 8:7. 
T ere is also a difference of opinion regarding right ventricular weights after birth. Miiller (1883) 
d: monstrated a post-natal physiological “atrophy”. Brock (1932) considered that there was 
n rmal weight gain, and lately Keen (1955) has again found a post-natal “‘atrophy’’, maximal at two 
months. 

We have recently demonstrated (Macdonald and Emery, 1960) that the foetus up to the age of 
aj proximately 30 weeks has a heart with left ventricular preponderance. This is reversed in later 
in rauterine life, but apparently again begins to revert towards left ventricular preponderance during 
the last few weeks before full term. 

The present study is an attempt to determine the weights of the right and left ventricles of the 
normal full-term infant following birth and during infancy. 


MATERIAL AND METHODS 


Over a thousand hearts from live-born children of all ages were available for study. These 
hearts came from necropsies carried out by the Department of Pathology at the Children’s Hospital, 
Sheffield. From this material a careful selection was made, eliminating all cases in which there 
was 

(i) any suspicion of cardio-pulmonary pathology or deformity, 

(ii) uncertainty as to full-term gestation age at birth, 

(iii) congenital deformity of other systems of the body, 

(iv) fibrocystic disease of the pancreas (because of the possibility of phases of lung infection 
producing pulmonary heart disease), 

(v) hydrocephalus, brain tumours, or kidney disease (because of the possibility of consequent 
hypertension), or 

(vi) any disease of long standing or producing general wasting. 


At the time the selection was made the ventricular weights were not known. The exclusion of 
these groups left 105 cases for study. These were all of 40 weeks gestation at birth: in none of them 
was there any suspicion of primary or secondary abnormality. 

The method of dissection of the right and left ventricles was the same as that used for investi- 
gating weights in stillborns (Emery and Macdonald, 1960), a method essentially the same as that 
previously described by Lewis (1914) and Hermann and Wilson (1922).. At the time of dissection 
the age and history of the case were not known. Studies were also made of a large number of 
hearts from children suffering from a great variety of diseases. The results of these were not used in 
the present work. 
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RESULTS 


The weights of the left and right ventricles with standard deviations are shown in Table 
The weights of the right ventricle are given in scattergrams against post-natal age (Fig. 1) and crow - 
rump age (Fig. 2). In these figures three points representing Cases A, B, and C were later inserte . 


TABLE I 


POST-NATAL VENTRICULAR WEIGHTS IN 105 INFANTS AND CHILDREN 




















Age range Mean age No. of cases | Left ventricle | Right ventricle 
| | | Mean | SD. | Mean | SOD. 
| wt. (g.) wt. (g). | 
Birth (40 wks) | ne | i 5:8 116 | 66 1-46 
15 d.-1-4 m. ; 2d. 9 | 8-8 2-38 6°5 1-73 
1-4 m.-2:2 m | 162m. | ae ee. oe | I 1-93 
2:2 m.-3-4m 2:81 m. | 9 13-7 yc an 7-6 0-80 
3-4 m.-9 m. 5-29 m. 12 16-5 3-62 | 9-5 2-32 
9 m.-1°l yr 10-24 m. 10 18-2 72 | 12-0 2-02 
1-1 yr.-1-6 yr 1-3 yr. 8 21-5 | 421 | 12-0 4:30 
1-6 yr.—2°5 yr 1-9 yr. 8 | 26-0 | 407 | 17-3 6°23 
2:5 yr.—5 yr. 3°6 yr. 9 30-2 6:30 | 18-1 | 3-74 
5 yr.-8°4 yr 6-6 yr. 8 47-6 | 12-65 29-9 | 7:13 
8-4 yr.-13 yr. 10-1 yr. 9 62-2 | 15-00 35-0 11-96 
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Fic. 1.—Scattergram giving the weights of the right ventricle related to months after 


birth. Inserted ringed points A, B, and C represent ill children. 


A and B died in 


a wasted state with fibrocystic disease and Case C, a full-term child, dying at the age 


of six months and weighing only 10 lb. 2 oz. 


Cases A and B were full-term children dying in a wasted state from “‘fibrocystic disease” and Ca:e 
C was a full-term child dying at the age of six months with a body weight of only 10 Ib. 2 oz. 
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Fic. 2.—The weight in grammes of the right ventricle in children dying after 
birth who were fully mature at birth related to crown-rump length. Point 
C is the same child as case C in Fig. 1. 


Ventricular Preponderance at Birth. The mean weight of the left ventricle at birth was 5-7 (S.D. 
1-1) and of the right 6-6 g. (S.D. 1-4). These figures must be considered in conjunction with those 
found in stillborns dying at less than 40 weeks gestation (Emery and Macdonald, 1960). In still- 
born children near term the right ventricle outweighs the left: this is true for the later stages of 
pregnancy also, assessed against crown-rump length or body weight. Brock (1932) accepted 
Miiller’s (1883) figures uncritically (as noted by Keen (1955)) and stated that the left ventricle 
outweighs the right at birth. Patten (1930) studying hearts from 50 stillborn children of un- 
specified gestation also found the right ventricle to be heavier than the left but did not give the 
details of his method. 

The Age at which the Left Ventricle Finally Outweighs the Right. In the present study it was 
observed that the left ventricle outweighed the right within four weeks of birth. This result agrees 
with Keen’s (1955) finding that there was left ventricular preponderance after the age of one month. 

Post-Natal Right Ventricular Growth. In the present series the mean weight of the right ventricle 
at birth was 6-6 g. (S.D. 1-4), at one month 6-4 g. (S.D. 1-7), and at six weeks 7:1 g. (S.D. 
1-9). But statistically the difference between the weight at birth and at four and six weeks is not 
significant. The picture obtained from the scattergram (Fig. 1) is of a general increase in weight 
with a wide scatter of cases at the age of about one month. When the same cases are charted 
against crown-rump length the scatter is less and the weight increase much more obvious and uni- 
form. There would thus seem to be no evidence for atrophy of the right ventricle after full-term 
birth. We have shown elsewhere in studies of children born prematurely (Mithal and Emery, 
1960) that the right ventricle continues to gain weight at the same rate as if the child had remained 
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in utero. Under the same circumstances the left ventricle increases more rapidly. These fa :ts 
indicate that there is no post-natal atrophy following premature birth. 

The reason why different conclusions have been drawn by earlier workers is not difficult to s:e. 
We have shown elsewhere that the very immature infant at a weight below 1000 g. or of only 32 
weeks gestation has a heart with left ventricular preponderance similar to that in the adult. TI us 
if stillborn infants and neonates of variable gestation age were grouped together, no signific: nt 
average result would be obtained. General body weight and growth remain the most import: nt 
features. The inclusion of wasted or abnormal infants would have caused the average wei; ht 
to fall considerably. This is illustrated by Cases A, B, and C inserted in Fig. 1 and 2. This effi ct 
of wasting is known to occur in adult hearts (Levin and Carr, 1933), a circumstance that probat ly 
affected Keen’s (1955) results. He mentioned that most infants in his series were so wasted as to 
render valueless the body weight as a criterion of maturity. 


SUMMARY AND CONCLUSIONS 


From 1000 infant hearts, after excluding prematurely born infants or those dying with chroi:ic 
illnesses, 105 were considered suitable for the study of normal ventricular weight. 

At birth the right ventricle is found to outweigh the left. The left ventricle outweighs the right 
by the end of four weeks after birth. 

No evidence for post-natal atrophy of the right ventricle was found. The right ventricle gains 
weight but at a slower rate than the left. 
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The technique of venous catheterization gives only indirect information about lesions of the left 

i > of the heart. Analysis of mitral valve disease was made possible by the discovery that a venous 

ssure pulse could be obtained from a catheter wedged in a peripheral pulmonary artery (Lagerlof 

ar | Werk6, 1949; Hellems et a/., 1949). The form of the arterial pulse has been used for the indirect 

ev luation of aortic valve disease (Hancock and Abelman, 1957; Wood, 1958), and in recent years 

se eral techniques for direct measurement of left heart pressures have been introduced. Puncture of 

a ardiac chamber is usually necessary, and the risk of these methods is considerably greater than 
th. t of the right heart catheterization. 

Whenever hemodynamic study is thought necessary, the type of investigation to be performed 
must be decided with regard to the abnormality present and the information required. The value 
of the data to be obtained must be considered in relation to the morbidity of the procedure. Right 
heart catheterization alone is often decisive, and left heart pressure measurements should be reserved 
for situations in which they will provide critical information. 

In the present study, emphasis is placed on the accurate measurement of the pressure gradient 
across the mitral or aortic valve, with simultaneous estimation of the cardiac output. Assessment 
of regurgitant flow by indicator dilution (Carleton et al., 1960; Warner and Toronto, 1958) or 
angiocardiography (Bjérk and Lodin, 1959; Uricchio et al., 1959) may require different techniques, 
but fundamentally similar considerations will apply. 


METHODS 


The methods used have been described previously (Davila et al., 1959). Central arterial pressure 
was recorded continuously using the Seldinger (1953) method. Right heart catheterization was 
performed for the measurement of pulmonary arterial and wedge pressures. Left atrial pressures 
were obtained by transbronchial puncture using a slotted bronchoscope which could be removed 
leaving the needle in place. Left ventricular pressures were recorded by direct puncture through the 
anterior chest wall (Brock et al., 1956) or by retrograde arterial catheterization using a Cournand 
catheter inserted in the right brachial artery (Voci and Hamer, 1960). 

Simultaneous pressure measurements were made on either side of the mitral or aortic valves while 
cardiac output was estimated by the Fick method. Pressures were recorded with P23Db Statham 
strain-gauges and a 4-channel direct writing Sanborn Polyviso with optimal damping, and were 
replotted on the same scale without correction for phase lag. The base-line for all pressure measure- 
ments was the middle of the chest at the level of the second costal cartilage (Roy et al., 1957). 
The Ry/v ratio (Owen and Wood, 1955) was calculated from left atrial pressures adjusted to a 
base-line at the level of the sternal angle. Blood oxygen contents were determined by the Van 
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Slyke method. Valve areas were calculated by the standard orifice formula (Gorlin and Gor! 1, 
1951). 
RESULTS 


During a period of one year 139 patients with suspected mitral or aortic valve disease we ‘e 
catheterized and left heart study was attempted in 94 (Table I). 


TABLE I 
MetTuHops OF Lerr HEART STUDY EMPLOYED 








Method | Attempted Failed Succeeded 
Transbronchial left atrial puncture .. ea 37 | 4 | 33 
Percutaneous left ventricular puncture a BE 4 69 
Retrograde arterial catheterization .. ie 39 | 22 17 
| 





Transbronchial left atrial puncture was successful in 33 of 37 patients with mitral valve disease. 
One patient could not be bronchoscoped, and in two only transient left atrial pressure recor«s 
were obtained, the needle being dislodged as the bronchoscope was withdrawn. In another patient 
it seems likely that the needle was embedded in thrombus. 

Pulmonary arterial wedge pressures were recorded at the same time as 24 of the successful left 
atrial punctures. The mean wedge and left atrial pressures agreed within | mm. Hg in each case, 
but the wedge pressure showed various degrees of reduction in amplitude of pulsation and distortion 
of wave form with superimposed artefacts (Fig. 1). The reliability of the wedge pressure was not 
related to the mean pressure level or to the pulmonary vascular resistance. 
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Fic. 1.—Simultaneous left atrial (LA) and pulmonary arterial wedge (PAW) pressures in three patients with 
mitral disease and atrial fibrillation. The wedge record shows a reduced amplitude of pulsation with loss 
of the c wave, slurring of the y descent, and artefacts due to valve closure. The diagnosis was confirmed at 
operation in each case; the estimated mitral valve areas are given in parentheses below. 

From above downwards: (a) Moderate MS (1-0cm.2), (b) More severe MS with moderate MR (0-8 cm.2), 
(c) Slight MS (2-0 cm.?) with severe AS. Similar values for the Ry/v ratio were obtained from the direct 
left atrial pressure in each case. MS = mitral stenosis, MR = mitral regurgitation. 
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There were 4 failures in 73 attempts at left ventricular puncture. In 2 of the 29 patients with 
mitral stenosis, pressure records were obtained but proved to be from the right ventricle, and in 2 
of the 33 with aortic valve disease the left ventricular cavity could not be entered. Eight of the 
remaining patients had mitral regurgitation and 3 cardiomyopathy. Cardiac arrest occurred in one 
petient with severe mitral regurgitation, but he recovered after cardiac massage. Precordial pain 
ard prolonged hypotension were frequent, and minor degrees of hemopericardium were sometimes 
fcund at subsequent operation, but cardiac tamponade sufficient to require paracentesis did not 
occur. 

The success of retrograde catheterization of the left ventricle depended in part on the persistence 
| the operator. In general it was easier to enter the left ventricle if there was aortic valve disease, 
the normal valve cusps tended to divert the catheter tip into the sinuses of Valsalva. The for- 
ition of a loop at the catheter tip facilitated passage through a normal valve. Coiling of the 
c: theter in a dilated ascending aorta was often a problem, and it was difficult to pass through a tight 
a‘ rtic stenosis (Table II). In two patients with calcified aortic valves there was transient dysphasia 
a’ er the procedure. In about a third of the patients the arterial pulses were lost distal to the arterio- 
tc ny, but there was no evidence of ischemia in the arm or hand. 


TABLE II 
RETROGRADE ARTERIAL CATHETERIZATION 


5 RO 











Valve lesion Attempts | Ventricle 

| entered 
Isolated aortic stenosis ae ee 2 oe 12 | 2 
Mitral disease with normal aortic valve .. ee 10 4 
Aortic stenosis with mitral stenosis = onl 5 3 
Aortic stenosis and regurgitation .. oa oi 5 | 3 
Aortic regurgitation with mitral disease .. sa 7 | 5 





The mean left ventricular diastolic pressure in 29 patients with predominant mitral stenosis 
ranged from 4 to 16 mm. Hg (average 10 mm. Hg). There was little variation with the severity of 
the lesion, mean diastolic pressures between 7 and 15 mm. Hg being found in 4 patients with tight 
stenosis and severe pulmonary vascular obstruction. Similar values were found in the majority of 
patients with mitral insufficiency (10 patients) or aortic valve disease (42 patients), but in 10 patients 
the mean left ventricular diastolic pressure was over 20 mm. Hg. 


DISCUSSION 
Pulmonary Arterial Wedge Pressure 


There has been considerable controversy as to the value of the pulmonary arterial wedge pressure 
as an index to the left atrial pressure (Wiggers, 1953). It is generally agreed that the mean pressures 
are similar (Kaplan, 1959), but the wave form of the left atrial pressure pulse may be considerably 
damped in the course of transmission to the wedged catheter. The reliability of a wedge pressure 
wave form cannot be determined unless a left atrial pressure is recorded simultaneously for com- 
parison. Even a clearly venous pulse may be considerably reduced in amplitude and the c wave is 
often obliterated (Fig. 1). The y descent in the pulmonary arterial wedge pressure (Owen and Wood, 
1955) is difficult to interpret. Direct left atrial pressures frequently show a diphasic y descent, an 
initial rapid fallin pressure being followed by a slower decline, but this appearance is often lost in 
the pulmonary arterial wedge record (Fig. 1). Detailed study of left atrial pressure changes there- 
fore requires left atrial puncture, but the simplicity and low risk of the pulmonary arterial wedge 
method make it preferable when the information it gives is adequate. 

In our experience, analysis of the left atrial pressure pulse is of little value in the assessment of 
mitral valve disease when a pressure gradient persists across the mitral valve throughout diastole 
(Hamer et al., 1959). The height of the v wave and the slope of the y descent are, of course, related 
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to the degree of mitral stenosis and of associated regurgitation, but many other factors are involv 4, 
Flow of blood into the left atrium from the pulmonary veins occurs mainly in systole, so variatic 1s 
in right ventricular stroke volume and in mitral regurgitation have similar effects on the left atr al 
pressure pulse. The pressure changes resulting from the flow of blood in and out of the tense | ft 
atrium depend on the volume of the chamber and the mechanical properties of its walls. The R: v 
ratio allows for the increase in rigidity of the left atrial wall as it is distended (Owen and Wox j, 
1955), but cannot correct for individual variations in the size and structure of the left atriu a. 
Fig. | shows similar Ry/v ratios in three different hemodynamic situations. Under these circu: 1- 
stances left atrial puncture for the accurate measurement of wave form does not seem justified exce >t 
as a research procedure. 

In mitral stenosis with a high left atrial pressure, the pulmonary arterial wedge pressure may »e 
used to calculate the diastolic pressure gradient, as variations in left atrial pressure throughout t te 
cardiac cycle are relatively small (Fig. 2). When the pressure gradient is small, phasic changes in 
left atrial pressure are of .reater significance, and damping in transmission to the wedged catheter 
consequently more important. Phase lag, which seems to affect the a wave more than the v wave 
(Luisada and Liu, 1956), is a further complicating factor. 


MITRAL STENOSIS 


































































































Fic. 2.—The mitral diastolic pressure gradient in severe Fic. 3.—Left atrial (LA) and left ventricular (IV) 








mitral stenosis with normal rhythm using the pul- 
monary arterial wedge (upper) and left ventricular 
pressures (middle). In this and the subsequent 
figures simultaneous pressure records on each side 
of the valve are shown above, and in the lower part 
of the figure the pressures are shown replotted on 
the same scale for measurement of the gradient. 
When the mitral diastolic gradient is large little 
error results from using the pulmonary arterial 
wedge pressure as variations in left atrial pressure 
throughout the cardiac cycle are relatively small. 
Similarly the assumption of a mean left ventricular 
diastolic pressure of 5 mm. Hg will produce little 
error. 





diastolic pressures in severe uncomplicated mitral 
regurgitation with atrial fibrillation. The diagncsis 
was confirmed by subsequent operation. 7 he 
superimposed facsimile tracings show that the eft 
atrial pressure falls rapidly to the level of the eft 
ventricular diastolic pressure when the mitral va ve 
opens. 
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Pulmonary arterial wedge pressures are adequate for the assessment of uncomplicated mitral 
stenosis as a small gradient indicates a mild obstruction that does not require detailed study. How- 
ever, in the presence of pulmonary vascular obstruction, tricuspid valve lesions, or myocardial 
disease (Fleming and Wood, 1959), significant mitral stenosis may be associated with a small 
diastolic pressure gradient as the cardiac output is reduced. Accurate measurement of the degree 
of stenosis in these circumstances requires left atrial puncture. 

In mitral insufficiency a y descent falling rapidly to the level of the left ventricular diastolic 
pressure is clear evidence of the absence of stenosis (Fig. 3). Direct left atrial pressures are necessary 
tc measure a small gradient accurately (Fig. 4) but, as a small mitral diastolic gradient may be found 
in pure mitral regurgitation (Harvey and Ferrer, 1959), left atrial puncture for this purpose is unjusti- 
fie d. 


[ MITRAL STENOSIS WITH INCOMPETENCE 
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Fic. 4.—The mitral diastolic gradient in a patient with Fic. 5.—The mitral diastolic gradient in a patient with 
a combination of moderate stenosis and regur- moderately severe mitral stenosis and considerable 
gitation with atrial fibrillation. The superimposed regurgitation with atrial fibrillation. Subsequent 
facsimile records from a different part of the same operation showed a mitral valve area approxi- 
tracing show the diphasic y descent, some fall in left mately 0-6 cm.2 Note that the pressure scales are 
atrial pressure continuing throughout diastole. different in the left atrial (LA) and left ventricular 
Accurate measurement of this small gradient (LV) tracings. There is considerable respiratory 
requires left atrial puncture. variation in both pressures. The replotted tracing 


(bottom) shows a high mean left ventricular 
diastolic pressure (15 mm. Hg). Considerable error 
would result from calculations of valve area 

on an assumed value of 5 mm. Hg. 


Left Atrial Pressure 


Hemodynamic measurements are usually made under basal conditions. Natural variations, for 
instance the effects of anxiety, tend to disturb the basal state and may require mild sedation. In 
stenotic lesions the calculated valve area is not affected by an increase in cardiac output: in mild 
cases an increase in the pressure gradient may even be of value as errors of measurement are reduced. 


On the other hand, mitral regurgitation varies with the arterial pressure (Braunwald ef al., 1958). 
¥ 
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Basal conditions are therefore desirable, and enable observations to be compared from case to cas :. 
Considerable disturbance is produced by the discomfort of transthoracic puncture or bronchosco; y 
and it may be difficult to interpret the data obtained under these circumstances. 

Left atrial pressures may be obtained by transthoracic, transbronchial, suprasternal, or trans-sept || 
puncture. Transthoracic left atrial puncture (Bjérk et a/., 1953) is often an uncomfortable procedur ». 
Burning pain in the throat may occur as the cesophagus is penetrated, and a feeling of upper stern | 
pressure probably arises from the pericardium. Accidental aortic puncture may be dangerov;. 
Minor hemopericardium is found afterwards in most cases. Hemothorax, pneumothorax, a1 4 
hemoptysis are frequent, and a period of hypotension often follows. Ina recent review 15 deat: s 
were reported in 2178 cases (Crymes et al., 1959). Despite the technical difficulties satisfacto y 
measurements of cardiac output can be made. Our previous experience with this techniqie 
(Gadboys et al., 1957) with one fatality in 34 patients did not encourage its continued use. 

In left atrial puncture by the bronchoscopic route (Facquet et al., 1952; Morrow et al., 1957), tle 
aim is to enter the chamber extrapericardially. The only frequent complications are minor hem»- 
ptysis and blood-staining of the pericardial fluid. The pulmonary artery or the aorta may le 
punctured if the left atrium is small. Only 2 deaths were reported with this method in 1472 cas::s 
reviewed (Crymes et al., 1959). Davila et al. (1959) had 3 cases of severe bronchial bleeding with one 
death in 46 patients; they then modified the technique, using a smaller needle and a split broncho- 
scope that was withdrawn after the left atrium had been punctured. This method was used in the 
35 cases reported here (Fig. 3 and 4). Scopolamine premedication, local anesthesia, and broncho- 
scopy necessarily disturb the basal state: the patient is allowed to rest after the needle has been 
inserted, but tachycardia often persists. 

Suprasternal puncture with a needle passing in front of the trachea to enter the left atrium 
(Radner, 1954 and 1955) has not been used extensively. The pulmonary artery and aorta are often 
penetrated and it seems likely that complications will occur (Fox; 1959). The use of a long thin needle 
makes it difficult to obtain undamped records. 

Trans-septal left atrial puncture using a long curved needle inserted through the femoral vein 
has been introduced recently (Ross et al., 1959; Nixon, 1960). The basal state is undisturbed, but 
there is a danger that the aorta or the tricuspid valve may be damaged or the atrial wall perforated. 
The technique is particularly easy if the left atrial pressure is raised, as the septum bulges into the right 
atrium, but is made difficult by right atrial enlargement. 


Left Ventricular Pressure 


Calculation of the valve area in mitral stenosis was originally based on the assumption that the 
left ventricular diastolic pressure averaged 5 mm. Hg with a base-line similar to that used in the 
present study (Gorlin and Gorlin, 1951). Our data in patients without left ventricular hypertrophy 
shows an average left ventricular diastolic pressure of 10 mm. Hg with considerable individual 
variation. Other workers have reported similar findings (Yu et a/., 1958). If the mitral diastolic 
gradient is large, the error produced by assuming a left ventricular diastolic pressure of 5 mm. 
Hg is small (Fig. 2). 

A low pulmonary arterial wedge pressure indicates a mild lesion if the cardiac output is norm il. 
If there are associated abnormalities, such as pulmonary vascular obstruction, tricuspid valve lesions, 
or myocardial disease, which tend to reduce the cardiac output, the gradient must be measur :d 
accurately and left ventricular pressures are required for precise assessment of the stenosis. Simi ar 
considerations apply if there is moderate elevation of the wedge pressure and definitive measuremé nt 
of the stenosis is needed to determine whether operation is required. 

Left ventricular pressures are also necessary in patients with serious mitral regurgitation, aor ic 
valve disease, systemic hypertension, or cardiomyopathy, as these lesions may be associated with in 
increase in the left ventricular diastolic pressure (Fig. 5). In mitral regurgitation an elevat:d 
diastolic pressure may contra-indicate repair (Davila et al., 1958). The diagnostic difficulties in 
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aortic stenosis are considerable (Wood, 1958; Hancock et al., 1958) and left ventricular pressure 
measurement (Fig. 6) seems justified if there is any doubt as to the presence of severe obstruction. 

In expert hands, left ventricular pressures can usually be obtained by transmitral catheterization 
after left atrial puncture. However, the procedure may be tedious, and the pressure records are 
often damped as a small catheter must be used (Bjérk and Malmstrém, 1959). Knotting or kinking 
of the catheter in the left atrium is an additional hazard. In the presence of mitral regurgitation 
it is often difficult to keep the catheter tip in the ventricle. In isolated aortic stenosis puncture of a 
sr all left atrium may be difficult, and although it is often possible to pass the catheter into the aorta 
tl is cannot be relied on. Simultaneous left atrial and ventricular pressures can be obtained, the 
le t atrial pressure being recorded alongside the catheter, but a larger needle is required than for 
t} 2 left atrial pressure alone, and the risk of the procedure is probably increased. 


AORTIC STENOSIS 























ao— 


Fic. 6.—The aortic systolic gradient (bottom) in aortic 
stenosis derived from proximal aortic and left ven- 
tricular (LV) systolic pressures. 


Brock et al. (1956) used percutaneous left ventricular puncture to obtain left ventricular pressures 
in aortic stenosis. They reported 79 punctures without mortality, but 2 deaths occurred in 36 
attempts to pass a catheter into the aorta through a larger needle (Fleming et al., 1958). Sixty-nine 
left ventricular punctures were performed in the present study. Pericardial pain and hypotension 
were frequent complications, and cardiac arrest occurred in one patient. Dilatation of the left 
ventricle due to aortic or mitral regurgitation facilitates puncture, but it may be difficult to enter the 
small left ventricular cavity in isolated mitral or aortic stenosis, especially in obese patients. After 
operation the dangers may be less as the pericardial space is obliterated (Morrow et al., 1960). 
The reliability and simplicity of left ventricular puncture recommend it, but the dangers are con- 
siderable. It seems likely that suprasternal left ventricular puncture will present similar difficulties. 
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Retrograde arterial catheterization (Zimmerman et al., 1950; Carlotti et al., 1951; Voci ari 
Hamer, 1960) avoids puncture of a cardiac chamber and does not disturb the basal state. A fatali y 
occurred in an early study (Zimmerman et al., 1950), but recently several large series have bec 1 
reported without serious complication (Grundemann et al., 1958; Morrow et al., 1960). Ischem c 
changes in the limb used for arterial catheterization are clearly a potential risk, and care must le 
taken to avoid obstruction of a coronary artery. Transient dysphasia in two of our patients m: y 
have been due to embolism from fragments from the calcified aortic valves. In mitral valve diseas :, 
retrograde catheterization seems the best method for obtaining left ventricular pressures. Littme 1 
et al. (1960) report that a curved catheter tip will pass easily through a normal aortic valve. Retr: - 
grade catheterization is difficult in severe aortic stenosis, but is usually possible if there is associate 4 
regurgitation. The site of obstruction (Fleming et a/., 1958; Morrow et al., 1959) can be demo - 
strated by this method. 


Aortic Pressure 


The pressure pulse in the proximal aorta is affected by the character of ventricular ejection and 
by the effects of aortic regurgitation, but the mechanical properties of the aortic wall and the timirg 
of flow to the peripheral vessels (Warner et al., 1953) also play a part. Analysis of the effects of 
aortic valve disease is, therefore, complicated by the presence of other variables. There is normally 
considerable distortion of the arterial pressure pulse as it is transmitted peripherally, the peak 
becoming later and more prominent and the dicrotic wave being accentuated (Wiggers, 1952). 
These changes are less evident in aortic stenosis (Wright et al., 1956) but study of the peripheral 
arterial pulse in this condition has been found of little value (Hancock and Abelman, 1957). Analysis 
of the pressure changes in the proximal aorta (Wood, 1958) seems more rewarding, but in our 
experience the aortic pressure pulse has not provided decisive evidence of the hemodynamic situation 
in lesions of the aortic valve. , 


CONCLUSIONS 


Left heart pressure studies have a considerable risk and should be reserved for sityations in which 
they give information of decisive value. In isolated mitral stenosis a high pulmonary arterial wedge 
pressure is sufficient indication of a severe lesion and, in the absence of complicating factors, 
a low wedge pressure indicates mild stenosis. If there are associated changes reducing the cardiac 
output, a low pulmonary arterial wedge pressure is an indication for measurement of both left 
atrial and left ventricular pressures to assess the gradient and the degree of stenosis accurately. 
A moderate elevation of the wedge pressure or associated left ventricular hypertrophy require 
measurement of the left ventricular pressure, but if a considerable mitral diastolic gradient is found 
the pulmonary arterial wedge record is adequate as an index of the left atrial pressure. The severity 
of associated mitral regurgtiation cannot be reliably determined from the form of the left atrial 
pressure pulse. In aortic stenosis left ventricular pressures are usually required. 

The modified transbronchial technique was used in the present study as the least dangerous 
method available for obtaining the left atrial pressure. Trans-septal puncture produces less dis- 
turbance and allows catheterization of the left ventricle, but its dangers have not yet been fully 
assessed. The transthoracic approach is less satisfactory. Left atrial puncture with catheterization 
of the left ventricle may have a place in mitral stenosis when both left atrial and left ventricle pres- 
sures are required. In the presence of mitral regurgitation, rejection of the left ventricular catheter 
makes this method unsuitable. 

Percutaneous puncture was often used to obtain left ventricular pressures in mitral valve disea:e. 
Retrograde arterial catheterization is probably less dangerous and is particularly easy if there is :.n 
associated aortic valve lesion. In severe aortic stenosis percutaneous puncture is necessary, b it 
retrograde catheterization is preferable if there is significant aortic regurgitation or aortic stenosis >f 
only moderate degree. 
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SUMMARY 


Indications for direct measurement of left atrial and left ventricular pressures are defined and 
the available techniques reviewed in the light of experience with transbronchial left atrial puncture 
(23 cases), percutaneous left ventricular puncture (69 cases), and retrograde arterial catheterization 
o the left ventricle (17 cases). 

The transbronchial route is preferred for left atrial puncture, but other methods may have a 
p ace when left ventricular pressures are also required. Retrograde arterial catheterization seems 
tl e best method for obtaining left ventricular pressures, except in severe aortic stenosis. 


We are grateful to Dr. Robert P. Glover for permission to report this work, and to our surgical colleagues, Dr. 
Ji tio C. Davila, Dr. Robert G. Trout, and Dr. Paul C. Rivera, who performed the bronchoscopies and the left ventri- 
ci lar punctures. We were greatly helped by Dr. Gerardo Voci, Dr. John Pierce, and Dr. Vernon Shaver, and by the 
st ff of the Circulation Laboratory at the Presbyterian Hospital in Philadelphia. 
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CASE REPORTS 


PAROXYSMAL ATRIAL FLUTTER IN PERONEAL MUSCULAR ATROPHY 
BY 


DAVID LEAK 
From the Department of Cardiology, The Royal Infirmary, Edinburgh 


Cardiac involvement is known to occur in several of the heredo-degenerative disorders of the 
nervous system; for example, it is recognized in Friedreich’s ataxia (Evans and Wright, 1942), 
dystrophia myotonica (De Wind and Jones, 1950), and in the muscular dystrophies (Manning and 
Cropp, 1958). However, no reference to cardiac involvement in peroneal muscular atrophy 
(Charcot-Marie-Tooth disease) could be traced. In this case report, paroxysmal atrial flutter and 
cardiac failure occurred in a patient with peroneal muscular atrophy. 


Case Report 


A 59-year-old steel worker first began to complain of short episodes of nausea and dizziness two years ago. 
These attacks, which were of sudden onset, were always accompanied by a regular ‘“‘beating”’ in the epigas- 
trium, and on one occasion by polyuria. They gradually became more frequent and latterly were associated 
with breathlessness. During the week following a particularly severe attack, which lasted several hours, 
he felt increasingly tired, became progressively more breathless, and noticed swelling of the ankle for the 
first time. In the past, he had enjoyed good health and his only illnesses were an injury of the left wrist 
thirty years ago, which resulted in a traumatic ulnar palsy, and an attack of right-sided sciatica seven years 
ago which had improved following treatment in a plaster jacket. - 

On examination, he was slightly dyspneeic. The heart rate of 100 beats a minute was regular in time 
and force. The blood pressure was 115/70. The heart was not enlarged and there were no murmurs. 
There was evidence of cardiac failure in the presence of engorged neck veins, hepatic enlargement, and 
bilateral basal crepitations. 

In addition, the patient had wasting of the small muscles of both hands, and in the legs wasting of all 
the muscle groups below the knee, giving him a drop foot gait and bilateral pes cavus. There was loss 
of vibration sense in both feet, but all other forms of sensation were normal, apart from some anesthesia in 
the ulnar distribution of the left hand. Both ankle jerks were absent, but all the other reflexes were within 
normal limits. There was no nystagmus or ataxia. The pupils were of normal size and shape, and reacted 
normally to light and on accommodation. The neurological abnormalities, therefore, suggested a diagnosis 
of peroneal muscular atrophy, and this was confirmed by electromyography (Dr. J. A. Simpson). The 
thyroid was not enlarged and there was no clinical evidence of thyrotoxicosis. 

An electrocardiogram and a two-step exercise tolerance test had been taken a year before the onset of 
cardiac failure, and showed minor T wave abnormalities in the left ventricular surface leads, but no eviden-e 
of myocardial ischemia. Other investigations carried out at this time included a chest X-ray, which show:d 
the cardiac outline to be normal and the cardiothoracic ratio 15:33, and a four-hour !3!I uptake of 12 p2r 
cent. The serum cholesterol was 210 mg. per 100 ml., and the Wasserman and Kahn reactions were bo'h 
negative. A further cardiogram taken at the time of the development of congestive cardiac failure (Fig. 1) 
showed flattening of the T wave in aVL, V5, and V6, as the only abnormality. 

The day after this record was taken, the patient complained of an uneasy feeling in the stomach, accor1- 
panied by a fluttering sensation and increasing breathlessness. On examination, the heart rate was 14( a 
minute; it was regular, but there was pulsus alternans. The electrocardiogram showed atrial flutter (Fig. ’ ). 
The patient was given digitalis, the ventricular rate slowed, and normal sinus rhythm was restored five da /s 
later. The cardiac failure cleared rapidly and he was able to return to work. Although he continues 0 
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take digitalis, he has had several more attacks of palpitation but these are less disabling than formerly. 
There has been no significant change in his electrocardiogram. 
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Fic. 1.—Electrocardiogram taken shortly after the development of cardiac failure in a patient with peroneal muscular 
atrophy. There is flattening of the T wave in aVL, V5, and V6. 





Fic. 2.—Electrocardiogram showing atrial flutter, with varying A-V block. 
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Discussion 


From the evidence available in this case, there is little to suggest a diagnosis of ischemic, hype 
tensive, rheumatic, or thyrotoxic heart disease. Wood (1956) has pointed out that atrial flutter s 
rare in otherwise normal subjects, and the question whether it could be associated wii 
peroneal muscular atrophy must be considered. Friedreich’s ataxia is genetically related to perone 
muscular atrophy (Hierons, 1956). Isolated instances of Friedreich’s ataxia occur in families wi 
peroneal muscular atrophy (Biemond, 1928), and combined forms of the two diseases in the san 
subject have been described (Ross, 1942). In view of this close relationship, it seems reasonab e 
to suppose that visceral disturbances may also occur in peroneal muscular atrophy, and this his 
been supported by the recent report of gastro-intestinal manifestations of the disease (Norstran J 
and Margulies, 1958). 

The cardiac abnormalities that are recognized in Friedreich’s ataxia include flattening ard 
inversion of the T waves in leads reflecting the left ventricular surface (Evans and Wright, 1942), 
and the occurrence of paroxysmal arrhythmias, occasionally complicated by congestive cardi«c 
failure (Russell, 1946). It will be appreciated that these abnormalities are very similar to those 
occurring in the present case and, in view of the close relationship between the two disorders it 
seems probable that cardiac involvement may be an occasional complication of peroneal muscular 
atrophy. 


Summary 


Reference is made to the absence of reports of cardiac involvement in peroneal muscular atrophy. 
A case of peroneal muscular atrophy is described in which paroxysmal atrial flutter and cardiac 
failure occurred. Reasons are advanced for suggesting that the cardiac arrhythmia may be directly 
related to peroneal muscular atrophy. 


I wish to thank Dr. A. Rae Gilchrist for his interest and for permission to publish, and especially Dr. J. A. Simpson 
for a neurological consultation and for the electromyogram. 
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TRIATRIAL HEART 
BY 
CHRISTOPHER S. DARKE, JOHN L. EMERY, AND JOHN LORBER 


From the Department of Child Health and the University, the Children’s Hospital, and 
the City General Hospital, Sheffield 


Triatrial heart is a rare form of congenital heart disease and may be associated with other 
c2velopmental anomalies. In this condition, a diaphragm divides the left atrium into two cavities 
t iat communicate through a small opening. This results in a fairly characteristic clinical picture. 
Since the barrier imposes an intolerable burden on the heart and lesser circulation its recognition 
during life is a matter of importance and some urgency, since surgical removal of the diaphragm 
ic not a difficult procedure. The purpose of this paper is to record another case of this anomaly 
aad to emphasize the difficulties in reaching the diagnosis, even with the aid of full cardiac investi- 
gations, including cardiotomy. 


Case Report 


The patient, a girl, was born at home and weighed 6 Ib. 12 oz. (3000 g.). Her mother, who was 30 years of 
aze, had had pneumonia in the sixth month of pregnancy, and for many years had had chronic bronchitis. 
The father, aged 51, had mitral stenosis. There had been two siblings, of whom one died at the age of 
10 days and the other was healthy. There had been no miscarriages. 

She had no illnesses until two years of age when she was admitted to hospital with pneumonia. From 
that time onwards she had a persistent cough. During the next 30 months she had six further attacks of 
pneumonia or bronchiolitis which were treated in hospital. All this time a loud systolic murmur was heard 
in the mitral area. On one occasion a mitral diastolic murmur also was heard. 

Investigations showed that she was tuberculin negative (100 T.U. of O.T., Mantoux). Trypsin was 
present in the stools and duodenal juice. The plasma proteins were normal. The chest radiographs 
always showed prominent hilar vascular shadows and some irregular densities in the lung fields particularly 
affecting the right middle lobe (Fig. 1). No hilar dance was seen on screening of the chest. On two 
occasions bronchograms showed no abnormalities. Bronchoscopy showed no localized disease of the 
main bronchi. 

In view of prominent and persistent rales and the nodular shadows shown on the radiographs, it was 
thought possible that she had an interstitial pulmonary fibrosis resulting from previous attacks of pneumonia. 
Pulmonary hemosiderosis was also considered, but gastric washings on a number of occasions failed to 
reveal the presence of hemosiderin granules. At the age of 64 years an inconstant diastolic murmur at the 
apex was again heard, as well as the more obvious blowing systolic murmur, which had been present through- 
out. In addition there was a loud split pulmonary second sound, palpable closure of the pulmonary valves, 
and a systolic lift over the right ventricular outflow tract, indicating pulmonary hypertension. Because of 
the mitral murmurs and the possible pulmonary hemosiderosis, it was thought that she had mitral stenosis 
of congenital origin. An electrocardiogram showed sinus rhythm and a right bundle-branch block pattern 
in V1. 

At the age of 7 years, cardiac catheterization was performed by Dr. T. L. Morris. A mean pressure of 
between 40 and 60 mm. Hg was recorded in the right, and one of 60 mm. in the left, pulmonary artery. 
Wedge pressure from the peripheral part of each lung was 40 mm. The mean right ventricular pressure was 
30 mm. Tracings taken from the wedged position in the right lung showed giant a waves. Angiocardio- 
graphy was not helpful because the left side of the heart was not adequately filled by the contrast medium. 
It was concluded that she had mitral stenosis with pulmonary hypertension. 

Four months later, a cardiotomy was performed. Very dilated and tense pulmonary veins were seen 
and some difficulty was found in entering what appeared to be a very small left atrium. Exploration of 
this chamber did not reveal any tumour or antemortem thrombus and the mitral valve felt normal. A 
finger passed easily into the left ventricle and there appeared to be slight regurgitation. No atrial or 
ventricular septal defect was detected. The most striking abnormality was the minute size of the left 
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Fic. 1.—Radiograph of the chest, showing prominent hilar vascular shadows and 
irregular densities in the lung fields, particularly affecting the right middle 
lobe. 


atrium which was about the size of a large walnut. The lungs were indurated and a biopsy of the lingular 
segment of the left upper lobe showed evidence of pulmonary hypertension and areas of focal hemosiderosis. 

The post-operative course was complicated by acute pulmonary cedema. Digoxin and mersalyl caused a 
good diuresis and she was discharged home about two months later. For almost two years there was 
less dyspnoea, but there was a prominent diastolic murmur, having the classical features of mitral stenosis. 
At the age of nine, she was admitted extremely ill with high fever, cyanosis, and breathlessness, and then had 
signs of lobar pneumonia and of congestive cardiac failure. She had also some degree of sexual precocity, 
the breasts and pubic hair being well developed. She developed atrial fibrillation, which was not controlled 
by digoxin, and she died five days later. 

Necropsy. A\ll the important lesions were in the thoracic cavity. The rest of the body showed venous 
congestion, but no gross cedema. There were bilateral pleural effusions. The lungs were unusually firm, 
heavy, and mottled, but no evidence of consolidation was seen. 

There was a fine fibrinous pericarditis. The heart was grossly enlarged. The systemic venous return 
was normal. The right atrium appeared enlarged and the foramen ovale was completely obliterated. 
The tricuspid valve appeared normal. The right ventricle was large and the wall was thick (8-12 mm ). 
A normal pulmonary valve opened into a large and unusually thick-walled pulmonary artery. 

The pulmonary veins appeared normal. They entered the atrium at their normal situation, but the left 
atrium was seen to consist of two separate cavities (Fig. 2). These communicated through an opening, 
approximately 6 mm. in maximum diameter. The dividing membrane ran obliquely across the atrial 
appendage at a level of 1 cm. above the mitral valve. The mitral valve was not attached to the abnormal 
septum. The mitral valve, aorta, and vessels showed no gross abnormalities. The wall of the left ventricle 
was 10 mm. thick. 

Histology. The lungs showed a general increase in connective tissue, and numerous alveoli contain:d 
large macrophages, some of which had old blood pigment. The major feature of the lungs, however, wis 
disease of the arteries. There was a diffuse obliterating arteritis with active proliferation of the intima. 
In addition there were many almost completely obliterated small arteries. These changes were patchy ai d 
some of the small muscular arteries appeared to be completely normal. The large pulmonary arter °s 
showed changes similar to those seen in the main pulmonary trunk. 

The membrane across the left atrium had a central fibrous core in which were masses of what appear d 
to be normal atrial muscle, and both sides of the membrane had a fibro-elastic structure similar to that of t. ¢ 
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Fic. 2.—The appearance of the heart at necropsy, showing the normal mitral valve and the Position of the septum 
between the two chambers of the left atrium. The pulmonary venous drainage is normal. 


arierial wall. There was an abnormal muscularization of the root of the mitral valve in the area where the 
abnormal septum impinged. Elsewhere the rest of the heart was normal, except for some possible irregu- 
larity in the thickness of the ventricular endocardium, and some possible increase in connective tissue septa 
in the right ventricle. 


The aorta appeared to be histologically normal (0-9 mm. thick). The pulmonary artery was very thick 
1-5 mm.). This thickening appeared to be largely due to an increase in the amount of connective and 
muscular tissue between the elastica bundles, these bundles being unusually fragmented and widely separated. 


Discussion 


Triatrial heart is a rare malformation. The condition has been thoroughly reviewed by Keith et al. 
in 1958. Some 29 cases have so far been published including an earlier case from this Department (Doxiadis 
and Emery, 1953). The etiology of the condition has not been fully determined, though the majority of 
recent workers favour Griffith’s early view (1902) that it results from a failure of incorporation of the 
embryonic common pulmonary vein into the left atrium. The reported cases are very similar to that 
described in our patient. A septum divides the left atrium into two chambers, the postero-superior cham- 
ber being relatively medial and receiving the pulmonary veins. Inferiorly it communicates through a 
narrow ostium with the second chamber of the left atrium. The mitral valve is normal. The septum 
dividing the left atrium produces a mechanical and a clinical picture that simulates the picture of a tight 
mitral stenosis. The time of onset of the symptoms depends on the size of the ostium between the two 
chambers. As it is often very small, symptoms usually appear in infancy. In our patient the ostium was 
moderately large, and this explains the relatively late onset of her symptoms, and her survival for 9 years. 
Occasionally the ostium is large, when symptoms may be slight and prolonged survival is possible (Loeffler, 
1949). Nevertheless, even with a very small ostium of 2 mm. in diameter, Belcher and Somerville’s (1959) 
patient reached 28 years of age before an operation was undertaken to relieve the obstruction. 

On physical examination of the heart an apical diastolic murmur was only rarely heard in the pub- 
lished cases, though it was present intermittently in our patient. A pan-systolic murmur was much more 
common. The electrocardiogram usually showed a right atrial and right ventricular hypertrophy. 
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Radiologically the heart may be of normal size or show enlargement of the right ventricle. The pu - 
monary conus is prominent, as are the major vessels at the lung roots. There is no hilar dance. There 3; 
congestion of the peripheral pulmonary vessels, sometimes associated with oedema of the lungs of tl = 
butterfly wing distribution. This was present in the patients of Keith et al. (1958). Our patient al: > 
showed this feature, as well as nodular shadows in the lung fields suggestive of hemosiderosis, which w. s 
confirmed at necropsy. Angiocardiographic investigations have not been reported in the past, and d 1 
not help in the diagnosis of our patient. Cardiac catheterization has rarely been performed (Pederson ar 
Therkelsen, 1954; Vineberg and Gialloreto, 1956; Barrett and Hickie, 1957): high right ventricular a: 
pulmonary artery pressures and particularly a high pulmonary artery wedge pressure have been found. O 
patient also showed these features. 

The correct diagnosis in life has not so far been made except at cardiotomy in four adult patients (Lev 
et al., 1956; Vineberg and Gialloreto, 1956; Barrett and Hickie, 1957; and Belcher and Somerville, 195°. 
The symptoms and signs and the results of investigations are highly suggestive of mitral stenosis, but usua! 
present at a very early age when mitral stenosis is very rare. Triatrial heart, therefore, should be consider: 
in the differential diagnosis in such patients. The absence of an enlargement of the left atrium is in favoi r 
of the diagnosis of triatrial heart. The differential diagnosis can be finally resolved at cardiotomy. U:- 
fortunately, in our patient the possibility that she might have triatrial heart was not considered and i.s 
presence was not recognized, so that the opportunity to relieve the obstruction was lost. Barrett and 
Hickie (1957) had a similar experience at their first cardiotomy: the condition might have been thought o/, 
as the pulmonary veins remained grossly distended even after opening the atrium and finding a normal 
mitral valve; but they performed a second cardiotomy and dealt with the lesion. 

Treatment of triatrial heart consists of division of the abnormal septum. This has been successfully 
accomplished so far in the four adult patients mentioned, but we have found no record of any child having 
been operated on successfully for this condition. 


w Sa 


< 
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Summary 


We report a nine-year-old child who from the age of two years onwards repeatedly suffered 
from pulmonary congestion and later heart failure. The clinical picture and investigations sug- 
gested that she had mitral stenosis, but at operation the mitral valve was normal. Distension of 
the pulmonary veins suggested an obstruction, but its situation was not located, and the obstruction 
was not relieved. The child died two years later, and at necropsy her left atrium was found to be 
divided by a septum, through which an opening of 6 mm. in diameter was present. This is the 
classical appearance of triatrial heart. 


We are grateful to Mr. A. W. Fawcett who operated on our patient for details of his operative findings, and to 
Professor Illingworth for his critical comments. 
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MULTIPLE CALCIFIC EMBOLISM FOLLOWING MITRAL VALVOTOMY 


BY 


M. J. T. ADAMS* 


From the Bland Sutton Institute of Pathology, the Middlesex Hospital 


Calcification of the valve is frequently encountered at valvotomy for the relief of mitral stenosis. 
C icific embolism is a recognized hazard of the operation, but Michell (1960), who has reviewed 
th problem of valvular calcification with regard to mitral valvotomy, has stated that, “the danger 
fr m calcific emboli during valvotomy does not seem to be very great.” Perhaps it is not always 
re ognized, even at necropsy. The purpose of this paper is to report a case of multiple calcific 
er bolism following mitral valvotomy, and to describe the methods used for the detection of these 
er boli. 


Case Report 


A woman, born in Hungary in 1926, contracted rheumatic fever at the age of fourteen. After this 
sh: remained well, apart from some breathlessness on exertion, and came to England in 1947. Two years 
laier she had a hemoptysis and developed pyrexia with further rheumatic pains, and was in bed for 18 weeks. 
Fcllowing this illness she suffered from recurrent respiratory infections, and in February 1952 she had an 
atiack of congestive heart failure and was referred to Dr. Evan Bedford. She had signs of severe mitral 
stenosis with some aortic regurgitation, and calcification of the mitral valve was easily seen on radioscopy. 

In April 1952, Mr. T. Holmes Sellors performed a mitral valvotomy. The valve orifice was only 2 cm. 
long, and the edges were smooth but calcified. A good split was made anteriorly, but the posterior com- 
missure was heavily calcified and could only be partially divided. She made an uneventful recovery and 
her exercise tolerance increased. Unfortunately the improvement lasted for only three years after which 
she began to get further chest infections, and in March 1957 she developed atrial fibrillation for the first 
time. Two months later she had a further attack of congestive heart failure and the physical signs were 
again indicative of severe mitral stenosis. 

A diagnosis of re-stenosis of the mitral valve was made, and a further valvotomy was done by Mr. J. R. 
Belcher. A small adherent thrombus was found in the remains of the atrial appendage, and the whole 
valve ring was felt to be heavily calcified. A good split was made digitally: during the splitting the carotid 
arteries were compressed manually by external pressure. The patient was awake and able to move all four 
limbs before leaving the operating theatre. She remained rather more drowsy than usual, but otherwise 
her progress over the following 48 hours was quite satisfactory. She lost about 750 ml. of blood-stained 
fluid through the intercostal drainage tube, but an equivalent amount of blood was replaced by transfusion. 
On the third day after operation, she became confused and was found to have increased tendon reflexes in 
the left arm, and on the following day she died. 

Necropsy. (Bland Sutton Institute of Pathology, P.M. No. 146/57). There were two small purpuric 
hemorrhages in the palm of the left hand. The left pleural cavity contained about 800 ml. of clotted blood; 
no bleeding point was found. The mitral valve was grossly calcified and the edges of the opening rigid. There 
was a concomitant, but less severe, stenosis of the aortic valve with no apparent calcification, and the myo- 
cardium, the chambers of the heart, and the pulmonary artery all showed changes consistent with these 
valvular lesions. There was a small recent infarct in the left kidney. On the surface of the brain were 
several sub-arachnoid hemorrhages up to 1-5 cm. in diameter. 

An unidentified medical student suggested that fragments of the irregular mitral valve might have become 
dislodged and impacted in the cortical blood vessels. A radiograph of the intact brain was taken and this 
showed many fragments of calcified material.’ In order to locate these fragments the brain was sliced and 
further radiographs taken (Fig. 1). When the brain was sliced no abnormality was seen within its substance, 
but on the radiographs twenty-one small opacities were seen, mostly around the surface of the brain and in 
close relation to the hemorrhages. With the aid of a dissecting microscope the superficial cortical vessels in 


* Now at Bristol General Hospital, Bristol, 1. 
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Fic. 1.—X-ray of two coronal sections of the brain, each approximately 1-5 cm. 
thick. Two calcified opacities can be seen in the bottom left section, and 
three in the top right section. ; 





Fic. 2.—Superficial cortical blood vessel opened. At the bifur- Fic. 3.—X-ray of the heart, showing periphe: al 
cation of the vessel a white calcific fragment can be seen, calcific opacities and ‘calcification in tie 
and proximal to the fragment is an ante-mortem thrombus mitral valve. 

(x 10). 
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the region of two of the opacities were opened. In each specimen the vessel was occluded by a fragment of 
stony hard material, which, on analysis, proved to be composed mainly of calcium phosphate (Fig.2). These 
fragments were not attached to the vessel walls, and were undoubtedly true emboli. In the specimen illus- 
trated there was an associated ante-mortem thrombus proximal to the obstruction. In order to demon- 
strate the calcification in the mitral valve a radiograph was taken of the heart (Fig. 3). Unexpectedly two 
fu: ther small opacities were seen at the periphery of the heart, and these proved on dissection to be similar 
ca cific emboli in the branches of the coronary arteries; there was no associated thrombosis and careful 
ex \mination of the neighbouring myocardium did not reveal any evidence of infarction. 


Discussion 


The incidence of valvular calcification found at mitral valvotomy in the series of Sellors et al. 
(1 53) was 31 per cent, and Bailey (1955, a) found it in 39 per cent of his cases. Three deaths 
di 2 to proven cerebral calcific embolism have been reported by Bolton et al. (1952), Bailey 
t 1 Morse (1957), and Barr and Sommers (1957). In the first two of these there was profound 
p: alysis following the operation, and in the third there was a severe drop in the blood pressure 
ar 1 cessation of respiration during the splitting of the valve: in all of them a major cerebral vessel 
w: s occluded and death occurred within 36 hours. Two cases of multiple calcific emboli have been 
re orded by Harken and Black (1955). In the first of these the patient developed severe cardiac 
ar hythmia following the operation and died within 24 hours: several loose calcific fragments were 
fo ind in the coronary arteries. The second case, which is presumptive because he survived, was 
of a man, found at valvotomy to have a friable calcific valve, who had a left-sided hemiplegia and a 
pc sterior cardiac infarct immediately after the operation. 
The unusual features of the case under discussion in this paper are the large number of emboli, 
ari the lapse of time between the valvotomy and death. The most likely time for embolism to 
occur is during the manipulations in the atrium. It is probable that at least some of the cerebral 
en boli happened at that time, and were responsible for the patient’s continued drowsiness following 
her recovery from anesthesia. This does not necessarily mean that the carotid artery compression 
wes inadequate, for in Barr and Sommers’ case quoted above, the embolus lodged in the right 
vertebral artery, in spite of the fact that the carotid arteries were at no time occluded. The ante- 
mortem thrombus found in one of the cerebral vessels dissected also indicates that this embolus 
occurred some time before death. The development of mental confusion and spasticity in the left 
arm on the third post-operative day suggests that further emboli occurred after the operation. 
Cases of spontaneous coronary artery embolism by calcific particles associated with calcified aortic 
valves have been recorded by Moragues et al. (1950) and Wigle (1957), and it seems very likely that 
fragments of a diseased mitral valve could become dislodged at any time. 

The commonly accepted figure for embolism of all kinds following mitral valvotomy lies between 
4 per cent and 7 per cent (Bland, 1952; Sellors et al., 1953; Bailey, 1955, b; and Windsor, 1956). 
Wigle (1957) describes the case of a man who died one year after mitral valvotomy when the valve 
was heavily calcified, in whom a patch of myocardial fibrosis was found distal to an impacted 
fragment of calcified material at the bifurcation of the right coronary artery: this was not suspected 
during life. It is probable that the majority of emboli in the case under discussion would not have 
caused any disturbance, and, in view of their widespread distribution, it is possible that small 
calcific emboli are more common than is generally recognized. 


pS) 


Summary 
The case history is presented of a woman aged 31, suffering from advanced rheumatic valvular 
disease of the heart, who died four days after a second mitral valvotomy. At necropsy several 
calcific emboli were found. The significance of these emboli is discussed. 





I am grateful to Dr. D. Evan Bedford and to Mr. J. R. Belcher for their advice and for permission to publish 
this case. I am indebted to Mr. M. Turney for the photographs. 
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THE SURGICAL TREATMENT OF PULMONARY STENOSIS* 


BY 


SIR RUSSELL BROCK 


From Guy’s Hospital and the Brompton Hospital 


Received March 25, 1961 


This lecture is based on a review of my experiences in the treatment of 198 patients with pul- 
n onary valve stenosis, a condition that has occupied a great deal of my attention during the last 
t. elve years. I hope that it will be of value to you even though it deals with a subject with which 
w: are all familiar today. The term pulmonary stenosis is, of course, a generic one for all types of 
tle condition and I propose to confine my remarks to pulmonary stenosis with an intact ventricular 
se ptum. 

Incidence of Pulmonary Valve Stenosis. This brings me at once to an important fact that until 
tle advent of pulmonary valvotomy pulmonary valve stenosis was thought to be exceedingly rare. 
As recently as 1947 Taussig wrote that she had never had the opportunity of studying a proven case 
and that her clinical description had, therefore, to be based on reports. How scanty these were is 
shown by Greene et al. who, in 1949, stated that they could find only 68 examples. Abbott in her 
analysis of 1000 cases of congenital heart disease studied at necropsy, reported 25 examples of which 
6 had a persistent foramen ovale. 

The rapid recognition of cases following the introduction of operations on the heart is illus- 
trated by Campbell’s observation in 1953 that 1130 cases of congenital heart disease seen in his 
clinic at Guy’s Hospital included 116 cases of pulmonary valve stenosis (an incidence of 10 per cent): 
in the same group were 104 cases of persistent ductus arteriosus. I would think that even today the 
incidence of these two conditions is roughly equal. Wood (1950) gives the incidence as 14 per cent 
of all cases of congenital heart disease. 


PATHOLOGICAL ANATOMY 


The association with other congenital abnormalities admits of no other conclusion than that 
pulmonary valve stenosis is itself a developmental lesion. Thus, with it in this series I have seen 
the following 14 malformations. 


(1) Bicuspid pulmonary valve. (2) Infundibular stenosis. 
(3) Persistent ductus arteriosus. (4) Persistent foramen ovale. 
(5) Persistent foramen ovale with anomalous pul- (6) Atrial septal defect of primum type. 
monary veins. 
(7) Atrial septal defect of secundum type. (8) Primum and secundum atrial septal defects together. 


(9) Either or both with anomalous pulmonary veins. (10) Left-sided superior vena cava, with or without 
anomalous pulmonary veins. 
(11) Small or severely stenosed pulmonary valve ring. (12) Small pulmonary trunk. 
(13) Small or semi-rudimentary right ventricle. (14) Tricuspid valve stenosis. 


The possible co-existence of any one of these lesions with pulmonary stenosis clearly has an 
important bearing on surgical treatment. Especially important are the varieties of atrial communi- 
cation, although a simple persistence of the foramen is the commonest. The frequency of associ- 

* The St. Cyres Lecture, 1960, with a few additions. 
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ated anomalous pulmonary veins has emerged owing to the closer examination possible at open 
heart surgery. All these conditions have been dealt with at the same time as the valvotomy. 

The fused valve cusps vary considerably in appearance. The occasional presence of a bicuspid 
valve has been mentioned. More usually three cusps are seen: they may be evenly fused to give 
a central orifice of varying size, or the commissures may be fused unequally to give a comma-shapec 
or more irregular orifice. The result is a fibrous diaphragm obstructing the emptying of the righ: 
ventricle and clearly presenting a challenge to surgery for its relief. In severe cases the valvi 
orifice may be very small, especially when seen in a formalin-hardened specimen. Open operation: 
have, however, revealed that the valve opening is usually larger than is thought. Campbell (1960 
has recently written on this matter and he finds on theoretical grounds also that the orifice is large: 
than ordinarily supposed. Full details of his observations are in his article but, put briefly, assum 
ing that the shape of the orifice is a rough triangle or a circle based on a triangle, the opening ir 
adults can be rather more than 1 cm. along each side of the triangle in mild cases, and rather les: 
in average cases. In severe cases the opening is usually more nearly circular and about 0-6 cm.- 
0-5cm. An orifice of 0-4 cm. in an adult would be extremely severe and in the last stages. 

The fused valve cusps may be thin or may be very thick and rigid, even in young patients. 
Myxomatous swelling is sometimes seen, although less often than in aortic valve stenosis; fibrous 
nodules are common on the margins of the orifice in older patients. The fused cusps usually form a 
dome or a low cone: a long cone is less often seen. 

The post-stenotic dilatation of the pulmonary trunk is now well-recognized and understood 
and its value in radiological diagnosis is appreciated. It is less often known that the pulmonary 
valve ring and pulmonary trunk may be small and underdeveloped even though the vessel may 
show some post-stenotic dilatation. This again is of practical surgical importance as some stenosis, 
at least temporary, must remain at the valve ring level even though a complete valvotomy is done. 

A small or rudimentary right ventricle is a very rare associated lesion that I have seen only once. 
Tricuspid valve stenosis is somewhat less rare and must always be thought of and sought for. 

These lesions are primary anatomical ones. Of great importance are the secondary changes 
that occur in the pathological anatomy of the right ventricle itself. In mild stenosis what can be 
described as benign enlargement or compensatory hypertrophy is seen, but with more-severe stenosis 
significant and even sinister changes occur in the myocardium. The thick large ventricle undergoes 
replacement fibrosis, loses its suppleness and becomes rigid, and the hypertrophic changes in the 
outflow tract cause secondary infundibular stenosis additional to the valvar stenosis. The nature 
and significance of these changes will be discussed later. 


THE CLINICAL SIGNIFICANCE OR LENGTH OF SURVIVAL 


A true assessment of the life history of pulmonary valve stenosis is difficult and must always 
be so now that the natural course is affected by operation. Moreover, the recognition of the disease, 
for all practical purposes as recently as only 12 years ago, leaves us no earlier studies of longevity. 
We are compelled to fall back on a consideration of the age and clinical condition of patients 
coming for treatment or observed at autopsy. The age distribution in the 198 patients I have 
operated on is given below. It will be seen that 182 patients were below the age of 30 and only 1¢ 
were over 30 years: the two over 40 were 42 and 45 years. 

Under 10 years, 56 from 21 to 30 yer:s, 41 from 41 to 50 years, 2 
from 11 to 20 years, 85 from 31 to 40 years, 14 

It is difficult not to attach significance to these figures which suggest that few patients surviv: 
beyond the age of 30. It is, of course, possible that a substantial number of these younger patient 
might survive to the third or fourth decades without operation. 

Also, presumably the cardiologists who referred these cases to me for operation must have : 
number of cases of lesser severity which they consider are not in need of operation, at any rate a 
present. I have no means of knowing how numerous such cases are although from time to time I se: 
patients in whom the pulmonary stenosis is very mild and who may well never need an operation 
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Campbell and Missen (1959) have recently considered the long survival patients with pulmonary 
valve stenosis and mention that Abbott (1936) found the mean age at death in 25 recorded cases to 
be 19 years, while in 47 cases reviewed by Greene et al. (1949) it was 23 years. Campbell (1954) 
found it to be 20 years in a personal series of 14 patients. 

Campbell and Missen record the case of a patient who lived until 68 years of age with pulmonary 
alve stenosis of moderate severity. They found reports of five patients who lived longer than 
his, the oldest being 75. Their survey led them to the very reasonable conclusion that the size of 
he pulmonary valve orifice is the prime factor determining the length of life. From a comparison 
f the size of the valve orifice in the longer-lived group with the shorter-lived group of 14 cases 
eported earlier by Campbell they observed that the cross-sectional area of the valve orifice at 
\ecropsy in the long-lived group was approximately four times that of the short-lived group. The 
nean heart weight also was greater in the latter group. Presumably the right ventricular pressure 
vould have been correspondingly higher in the younger group and lower in the older group. 

That a critical stage of the disease is commonly reached by the third decade is certainly borne out 
vy the clinical state of patients seen in the late twenties. Most of these exhibit stigmata to indicate 
hat severe disability and death are approaching. 


THE INDICATIONS FOR OPERATION 


The basic indication for operation is to relieve the obstructed right ventricle of the strain that it 
s bearing, and our appraisal of each case, by both clinical and laboratory methods, should be 
lirected towards assessing this strain. The presence of actual symptoms is only important in so far 
is they may serve as an indication of the degree of ventricular strain or of the severity of the ob- 
struction. 

Within this matter of the assessment of ventricular strain lies the bedrock of much of cardiac 
surgery. For many years I have taught that one of the basic functions of a cardiac surgeon is to 
relieve obstruction and in this he is strictly in accord with the general principles of surgery as seen 
in the need for relief of obstruction of any hollow viscus or duct in the body. I have been strongly 
criticized for this teaching. Nevertheless, I have no fear in continuing to emphasize it for I know 
it is right. 

As general surgeons and physicians we have learned much about the relief of obstruction during 
the last 100 years, since Lister’s discoveries enabled abdominal surgery to develop. We know that 
the sooner an obstruction is relieved, the lower is the mortality and the morbidity; and that the 
longer it is allowed to continue, the higher are the mortality and the morbidity, and this is brought 
about by various secondary changes. 

There is no need in this company to detail the features that should serve us in the assessment 
of the ventricles. A raised venous pressure or palpable hypertrophy of the right ventricle are 
certainly significant. The electrocardiogram is obviously of paramount importance, although it 
is not very informative in right ventricular pressures up to 60 mm. Hg. I wish only to say a few 
special words about the level of right ventricular pressure and about radiological appearances. 


The Right Ventricular Pressure. It is human to ask for a “sign” and the sign often requested 
in pulmonary stenosis is the level of right ventricular pressure that demands operation. 

In the earlier days of valvotomy a higher figure was given, but it soon became customary to 
advise operation with a right ventricular pressure of 75 mm. Hg or over. Some surgeons then 
began to accept patients with a lower pressure, e.g. 60 mm. Hg. In this way one can soon enter 
the field of doubtful indication for operation. Happily recent observations of the ventricular pres- 
sure during exercise, as well as at rest, have clarified the situation considerably. Briefly a right 
ventricular pressure of 60-70 mm. Hg at rest will about double itself on exercise. Thus, if it is 
known that during any effort or excitement the right ventricle is exposed to a pressure of 120- 
150 mm. Hg there will be little hesitation about advising valvotomy. When the pressure at rest 
is over 120 mm. Hg it will perhaps not double on exertion, but it very nearly does so. 
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Radiology. The information given by radiology in regard to the overload the right ventricle i 
suffering is often small. The concentric hypertrophy of the muscle is usually hidden within th 
heart shadow and any enlargement of the heart outline is more likely due to the right atrium. It i 
important to realize that in pure stenosis cardiac enlargement is small and that any notable increas 
in size is an indication of ventricular failure. Symptoms may be severe, or sudden death may occu 
when radiologically the heart is but little enlarged. Occasionally a very large heart is seen an 
this must indicate very advanced disease: it carries a high operative risk and an indifferent prog 
nosis even when operation is survived. 


Electrocardiogram. More informative and more sensitive than radiology is the electrocardic 
gram, but even this may not be helpful in right ventricular pressures up to 60 mm. Hg. When * 
wave changes are present in the right ventricular chest leads the ventricle is certainly under un- 
desirable strain that must be relieved. T wave inversion and S-T depression may extend righ 
across the chest leads as far as V6; in such cases the right ventricular pressure is usually betwee 
150 and 250 mm. Hg. It is in these severe cases that radiological enlargement of the ventricle i; 
seen, reflecting real failure and often irreversible damage to the myocardium. 


THE SIGNIFICANCE OF CYANOSIS 


Cyanosis has been of varying importance in this series; in the earlier cases it dominated the clini- 
cal picture. This can be seen from Table I which also gives the total incidence. In the first 50 
cases, 35 were cyanosed and most were severely so. No doubt it was this feature that caused the 
earlier patients to be sent for treatment along with the general wave of blue patients, most of whom 
had Fallot’s tetralogy. This blueness was a dominant feature and we found that it was also such 
a grave one that we made it a rule that no cyanosed patient with pulmonary valve stenosis should 
leave hospital without valvotomy. The mortality among cyanosed patients attending the Out- 
patient Clinic at one time reached 40 per cent. 


TABLE I 
INCIDENCE OF CYANOSIS - 








Cyanotic Acyanotic 
Total cases (198) as 74 (14 died*) 124 (9 died) 
First 50 cases .. te 35 15 
First 100 cases ae Sz 48 
Last 50 cases .. ea 8 42 





* If first 7 operations (with 6 deaths) are omitted, 8 died. 


As time went on the proportion of cyanosed patients lessened; thus in the first 100 cases 52 were 
blue. In the last 50 cases, only 8 were blue. It also emerged that the presence of cyanosis was nct 
always as urgent as it had appeared to be earlier. Milder cases were seen who had been mode'- 
ately blue for years and seemed little the worse. It would, therefore, seem that the urgency of 
each case must be assessed separately on general criteria and not primarily by cyanosis. 

The increased diagnosis of non-cyanosed cases is due to our greater knowledge of congeniti| 
heart disease. Formerly it needed a leading feature such as cyanosis to separate out a case, espec - 
ally as symptoms in the non-cyanosed patients are often trivial. Their severity is now more wide y 
appreciated and recognized. 

Although the cyanosed patient is less common, and not always urgent, he may still present :s 
an important problem in diagnosis and management. The similarity to Fallot’s tetralogy may le 
very close and although today, with the varied methods of differentiation at our disposal, confusic a 
should rarely arise, there are still occasions when the diagnosis is only revealed at cardiotomy. 
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In infants and young children this confusion with Fallot’s tetralogy, or with other cyanotic 
heart conditions, may be especially dangerous if the urgent need for operation is not recognized. 
In an infant who is blue from Fallot’s tetralogy operation may often be wisely postponed until he 
is older. If, however, the infant is blue from pulmonary stenosis with a reversed atrial shunt, the 
yndition is always urgent and must be treated immediately by operation. The mortality in infants 
ho do not have relief of their stenosis is very high, and in many the correct diagnosis is never made. 
he fact that an opportunity has been lost of saving life and virtually curing the heart condition 
ay pass unrecognized. Some of our most dramatic and successful results have been gained in 
is group. 

The cause of cyanosis in association with pulmonary valve stenosis with a normal aortic root 
a right-to-left shunt through a communication between the right and left atrium. The term 
>ommunication” is used deliberately in preference to “atrial septal defect” because in the large 
ajority of such cases the right-to-left shunt occurs through an unsealed foramen ovale which, 
though stretched and rendered incompetent by the high pressure in the right ventricle and right 
rium, still retains the ability to recapture its valvular action when the obstruction to the emptying 
‘the right heart is relieved. I have been impressed by the fact that after valvotomy alone the 
anosis is almost invariably relieved immediately and completely—even dramatically. Closure 
‘the communication has seldom been necessary. 

If the defect is large and non-valvular it is almost inevitable that left-to-right shunting will occur 
hen the stenosis is relieved and that the features of pulmonary plethora due to an atrial septal 
2fect will develop. This has occurred only three times in this series: a true atrial septal defect has 
2en observed in nine cases and has been closed at the time of the valvotomy. More usually when 
true atrial septal defect has been present the left-to-right shunt has been dominant from the first 
ad the patient has not been cyanosed. 

Of course, in all cyanosed cases a digital exploration should be made through the right atrial 
appendage to assess the size and nature of the communication. With an open heart technique most 
surgeons prefer to close the communication unless it be a very small valvular one. In the 62 cyan- 
osed patients I have treated by closed valvotomy, cyanosis was completely, and usually immediately, 
relieved in all but 3 or 4 patients. In one in whom cyanosis persisted, even though in a greatly 
lessened form, the subsequent clinical, catheterization, and operation findings were particularly 
instructive. 


A.F., a man aged 22, was first seen in 1952 with a history of cyanosis since the age of 5 years. Cyanosis 
was grade 3 and finger clubbing was grade 4; the red cell count was 7 million, hemoglobin 142 per cent. 
A clinical diagnosis of pulmonary valve stenosis with reversal of flow through a valvular foramen ovale 
was confirmed by both angiocardiogram and by cardiac catheterization. The systemic arterial oxygen 
saturation was 85 per cent; the right ventricular pressure was 105/0. 

Closed pulmonary valvotomy was performed on July 3, 1952; a good split was obtained. A pressure 
withdrawal record after valvotomy showed: 


o be —-~ s+ Wi A 


~~ >! oe eS 


aS er A = 


ee 


Pulmonary trunk 11/7 mm. Hg Infundibulum 28/7 mm. Hg Right ventricle 40/7 mm. Hg 


He made a good recovery from operation and lost most of his cyanosis. 

In December, 1959, he was examined by Dr. A. Leatham who referred him back as things were not fully 
satisfactory. Although the result continued substantially good and his colour was normal at rest he became 
blue (grade 2) on exercise and his finger clubbing was still grade 4. There was a minor a wave in the neck: 
the liver was not enlarged. The right ventricle was impalpable; there was no thrill. A short pulmonary 
systolic murmur was followed by a single second sound; there was no diastolic murmur. The chest radio- 
graph showed the lung vascularity was about normal; the cardiothoracic ratio was 12/28-:25. The electro- 
cardiogram was normal. Hemoglobin was 16-7 g. (114%). 

Cardiac catheterization disclosed a systemic oxygen saturation of 96 per cent and no evidence of a shunt 
at rest, but after exercise the saturation fell to 79 per cent. The catheter passed through an interatrial 
communication. The relevant pressures were: 


Pulmonary trunk re 15/8 mm. Hg Right ventricle. . .. 28/0 mm. Hg 
Left ventricle .. .. 105/0 mm. Hg 
Right atrium .. ie 2 mm. Hg Left atrium... ~ 2 mm. Hg 
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It seemed remarkable that with such apparent satisfactory relief of the valve stenosis reversed shuntin : 
occurred on exercise. 




































Open exploration under extracorporeal circulation was done on October 17, 1960. There was n) eI 
evidence of anomalous pulmonary venous drainage, which had seemed a possibility. Digital exploratio , a 
of the right atrium revealed a valvular patency of the foramen ovale which admitted the index finger suffic - ti 
ently to identify the normal entry of the pulmonary veins into the left atrium. ar 


There was no external evidence of residual pulmonary stenosis and needle pressures were: j 
Pulmonary trunk 30/20 mm. Hg Right ventricle 30/5 mm. Hg Brachial artery 120/90 mm. Hg 


The foramen ovale was closed by two sutures. A finger passed through the tricuspid valve into the pu - 1 
monary outflow disclosed that the pulmonary valve orifice was about 1-2 cm. in diameter. The valve wz; 
exposed and was seen to be bicuspid; each commissure was divided for about 3 mm. and this enabled tt : 
index finger to pass freely into the ventricle. The final pressures were: 


Pulmonary trunk 30/20 mm. Hg Right ventricle 40/10 mm. Hg Brachial artery 120/90 mm. Hg 


He made a smooth surgical recovery and lost all cyanosis. 

It seems remarkable that such a trivial residual pulmonary stenosis could be associated wit» 
cyanosis; it suggests that an important additional factor was diminished diastolic filling power of 
the right ventricle. 

Late investigation of one other patient since this case supports the view that it is preferable to 
close the atrial communication whenever possible; certainly in the presence of cyanosis. 

A.C., aged 5, presented in 1953 with severe pulmonary valve stenosis and with cyanosis from a reversed 
interatrial shunt. Cyanosis and clubbing were both grade 4. 

The electrocardiogram showed severe right ventricular hypertrophy with S-T depression and steep T 
inversion across all the chest leads. 

Closed valvotomy was done in December, 1953, a typical severe valve stenosis being found. Pressure 
withdrawal records before and after valvotomy showed that the pressure in the pulmonary trunk rose from 
11 mm. to 25/6 mm. and that in the right ventricle fell from 105/35 to 43/13 mm. Hg. There was dramatic 
and immediate relief of the cyanosis. 

She was reviewed in September, 1960, now aged 12 years. Her parents considered her normal. There 
was, however, slight cyanosis. The electrocardiogram showed striking improvement, right ventricular 
hypertrophy being slight with T inversion in only V1 and V2. 

Cardiac catheterization in November, 1960, showed the systemic arterial oxygen saturation at rest was 
90-93 per cent. There was clearly a small (0-5 1.) right-to-left shunt. A pressure withdrawal record 
showed the following pressures: pulmonary trunk, 19/6; infundibulum, 24/0; and right ventricle, 32/1 
mm. Hg. 

The result from a closed valvotomy in 1953 is quite acceptable, especially considering the severity F 
of the lesions. The superiority of an open operation with closure of the interatrial communication 


is, however, quite evident. 
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THE TREATMENT OF PULMONARY VALVE STENOSIS elect 

Although many hundreds of operations have now been done for pulmonary valve stenosis, we hype 
still do not know the best procedure for all cases. In its simplest form pulmonary valve stenosis I 
consists of a fibrous diaphragm formed by the fused cusps and with a small central orifice. Relief oper. 
of this should be achieved by merely cutting open the fused cusps; this can give immediate, satis- follo 
factory, and lasting relief. me a' 
In the early days in 1948 we were more than content to achieve a safe and simple valvotomy. follo 
Indeed this was a notable surgical advance. However, nothing continues as simple as it first regal 
appears to be, and this has proved to be so with valvotomy for pulmonary stenosis. The valv: (61% 
stenosis sets in chain various secondary phenomena, especially affecting the ventricular musculature, 39% 
and these constitute a complex surgical problem. = 
n 

111 te 

Closed Pulmonary Valvotomy A 

This operation is essentially simple in conception and consists of introducing a cutting valvotom > almos 
through a small incision in the outflow tract of the right ventricle. This divides the valvar diaphrag1 | gery : 
transversely and the cut is then split wide open by an expanding dilator. The stenosed diaphragt in ba 
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is converted into a bicuspid valve. The operation can be performed quickly and simply and can 
give excellent results. The mortality is relatively low: thus in this series closed valvotomy was used 
in 114 cases with 14 deaths. The first 7 patients were severely ill, being in actual heart failure, and 
three of them died during induction of anesthesia or as soon as the chest was opened: if these 7 
are excluded, the mortality becomes 8 out of 107 patients. This compares reasonably with 5 deaths 
i: 84 cases of open valvotomy. 

The very satisfactory drop in right ventricular pressure that can be achieved with corresponding 
i 1provement in the pulmonary artery pressure is shown in Fig. 1. Fig. 2 shows strikingly how this 





PRE-OP POST- OP 


Fic. 1.—The immediate fall in right ventricular pressure following closed pulmonary valvotomy for 
pulmonary valve stenosis with a closed ventricular septum and a reversed interatrial shunt. 


improvement may be reflected in the great diminution in size of the heart radiologically. The 
electrocardiogram also shows corresponding lessening or disappearance of the right ventricular 
hypertrophy and strain pattern. 

It is unnecessary to weary you by a critical survey of the condition before operation and after 
operation in these 114 cases of closed valvotomy. Campbell (1959) has recently reported a critical 
follow-up of 64 patients (21 cyanotic and 43 acyanotic) who were the survivors of 76 operated on by 
me at Guy’s Hospital. The average follow-up was 6 years. Campbell was able to report a complete 
follow-up of 57 patients and tried to decide how many of these had been improved enough to be 
regarded as normal for most purposes, with a normal outlook for the future. He found that in 35 
(61°%) of the 57 the results were so good as nearly to reach this high standard. Another 22 patients 
(39°%,) were improved, often greatly, but they still had significant pulmonary stenosis which may 
prove harmful in the future. 

In the best results the average systolic gradient across the pulmonary valve was reduced from 
111 to28mm. Hg. Inthe improved group the average gradient was reduced from 132 to 55 mm. Hg. 

Although closed pulmonary valvotomy can give results that are reasonably good, it has now been 
almost entirely displaced by open valvotomy in conformity with the modern trend of cardiac sur- 
gery away from closed towards open procedures. There is still a place for the closed operation 
in bad risk cases, especially if cyanosis is severe. This applies particularly to severely ill infants 
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Fic. 2.—Striking diminution in size of the heart following closed valvotomy. (A) Before operation. (B) Two 
years after valvotomy. 
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and to the occasional older patients over 35 years of age. Potts (1959) has recently stated that he 
still prefers to use the transventricular closed operation for infants with a huge heart. Waterston 
(1960) tells me that this is also his practice. 

I have noticed that after closed valvotomy in these infants there is a higher incidence of pul- 
monary regurgitation, a state that is ordinarily quite rare after a closed valvotomy. This is under- 
standable in view of the small size and delicate nature of the infant valve. I am, therefore, im- 
pressed by Mustard’s recommendation of using surface hypothermia in these infants, where cooling 
is easy and quick and allows an open precise valvotomy: he has operated on 17 infants in this way 
with only one death. 

In older patients when the stenosis is severe so that there is a small central hole in a firm fibrous 
diaphragm, a closed valvotomy can give a large and satisfactory bicuspid opening. In less severe 
cases with a larger valve orifice and softer and more resilient cusps, it has no real place for it may fail 
to relieve the stenosis because the cusps are not really cut but give way in front of the instruments. 
Although Campbell found the result excellent in 61 per cent this proportion is not high enough. 
An open operation allows deliberate division of each commissure and can give complete relief of 
the valve stenosis in virtually all cases. 

Hanson, Ikkos, Crafoord, and Ovenfors (1958) in reporting 28 of their own cases found tha: 
closed and open valvotomy gave equally good results. However, from a survey of 99 reported cases 
they found a significant difference in favour of open valvotomy. 


Open Pulmonary Valvotomy 


Open valvotomy through the pulmonary artery was first introduced by Varco (1951) who mer - 
tioned in the discussion of a paper by Merlin and Longmire (1951) that he had operated upon fiv > 
patients with four successes. He produced inflow occlusion by clamping the vene cave and di ! 
the open valvotomy within the three minutes of circulatory arrest this method permits. The estat - 
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lishment of open pulmonary valvotomy is, however, usually attributed to Swan (Blount, McCard, 
Meuller, and Swan, 1954) who first used hypothermia to enable the inflow occlusion time to be 
prolonged to some 8-10 minutes thus making possible an unhurried and deliberate valvotomy. 

There are still surgeons who favour a quick operation at normal temperature by using the single 
inflow occlusion introduced by Varco. Edwards (1960) has written on this and Lam (1960) is 
e ithusiastic about it and has used it in 71 patients with only one death: he has used total by-pass 
it 9 cases with no deaths. 

Most surgeons use either hypothermia or total heart-lung by-pass. There is little doubt that 
t! e use of total by-pass springs from the present popularity of heart-lung machines and because this 
p ticular operation carries a low mortality and helps to raise general morale in the difficult tech- 
n que of total body perfusion. The use of total by-pass is not really necessary in all cases, for most 
c n be readily and efficiently dealt with under hypothermia. Thus in my own series of 84 open 
v Ivotomies by-pass was used in only 13 cases. The whole procedure is much less complex with 
t ypothermia; simpler apparatus, a smaller team, and much less blood are needed than if full body 
t -rfusion is used. The temperature need only be lowered to 31-5°C. If an atrial septal defect 
c )-exists this can be closed during a second period of circulatory arrest; and for this a temperature 
c 30-5° C. is needed. In the presence of cyanosis, I prefer total by-pass. 

Although the superiority of open valvotomy is unquestioned, it is interesting that one of the chief 
r -asons originally urged for its use is largely erroneous. It was noted that after a closed valvotomy 
tie pressure in the right ventricle might be lowered little or not at all. It was assumed that this 
\ as due to an essential inefficiency of closed valvotomy to relieve the stenosis completely. This, of 
course, can be true, and certainly may be true in the hands of an inexpert surgeon using incorrect 
iastruments. It is also true that even when a completely efficient valvotomy has been performed, 
e:ther open or closed, the pressure in the right ventricle may not be lowered. I emphasize that this 
riay happen even when a complete valvotomy has been done as an open procedure. Two examples 
of this can be seen in Table II. 


TABLE II 
FAILURE TO RELIEVE RAISED R.V.P. By VALVOTOMY 











P.A. | R.V. 
Before valvotomy ae re: 13 167/23 
After valvotomy ae e 12/9 151/15 
Before valvotomy sits ee 20/10 80/10 
After valvotomy 3 Pe 20/17 70/5 





The reason for this failure to convert the right ventricular pressure is now well understood and 
the mechanism is displayed in Fig. 3. It will be seen that it is due to the development of secondary 
muscular hypertrophy of the infundibulum consequent upon the severe stenosis. After valvotomy 
the tension in the ventricle is sufficiently relieved to allow the thickened walls of the infundibulum 
to come together in systole and so to constitute a secondary functional obstruction. It is rarely 
that true fibrous, infundibular obstruction co-exists: this is usually congenital but may also result 
from secondary fibroid changes in the infundibular muscle producing rigidity and thus fixed 
narrowing. 

This condition was recognized and the mechanism of its production described by Connolly, 
Lev, Kirklin, and Wood (1953) and independently by me in 1955 (Brock, 1955). Its recognition 
and understanding has been an important advance in our knowledge of pulmonary stenosis. It 
serves as an excellent example of the fact that when an obstruction is allowed to continue un- 
relieved, various important secondary changes occur that result in the condition being no longer 
quickly and totally curable by simple relief of the obstruction. Johnson (1959, a and b) has made 
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Fic. 3.—Diagram to show the mechanism of production of secondary infundibular stenosis 
after pulmonary valvotomy. 


important contributions to the physiology and mechanics of this hypertrophic infundibular obstruc- 
tion in his careful and valuable work recently published. 

The problem of pulmonary valvotomy for pulmonary stenosis cannot be efficiently presented 
without a detailed consideration of secondary infundibular stenosis. This is especially so because 
a first consideration of the condition prompts the surgeon to remove this infundibular stenosis 
when it is recognized. Indeed, this is the most usual recommendation today. 

The effect of secondary excision of the infundibular obstruction, after valvotomy has failed to 
lower the right ventricular pressure adequately, is shown in Table III. It is easy to be influenced 


TABLE Ill 
CONVERSION OF PERSISTENT HIGH R.V.P. By INFUNDIBULAR RESECTION 








P.A. | RV. 
Before open pulmonary valvotomy 2 is ae 34/18 | 135/8 
After open pulmonary valvotomy _ se es 23/10 | 120/10 
After open infundibular resection ae ae a 18/12 28/6 





by a result such as this and accept that infundibular resection should always be used in'such cases 
Greater experience teaches that it is not always so effective as is shown by Table IV. 


TABLE IV 
FAILURE TO CONVERT PERSISTENT HIGH R.V.P. By INFUNDIBULAR RESECTION 





P.A. | RV. 





Before open pulmonary valvotomy _ as ea 18/0 150/0 
After open pulmonary valvotomy a an eo 25/10 170/0 
After open infundibular resection sic ea Gail 30/15 160/0 





In this case open resection of the infundibular stenosis has failed to lower the right ventricula’ 


pressure. This is not entirely surprising seeing that the remaining hypertrophied muscle of the 
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infundibulum can still contract down in systole and maintain the obstruction. Indeed, it would 
seem fundamentally an unphysiological and unsurgical procedure to resect hypertrophied muscle 
in this way. Happily Nature comes to our help and with the relief of the valve stenosis the right 
ventricular hypertrophy gradually regresses and with it the muscular infundibular obstruction. 
Thus after a year or two, the right ventricular pressure can fall to normal. Table V completes the 
sory begun in Table IV, in which it will be seen that the right ventricular pressure ultimately fell 
to normal in two patients. 











TABLE V 
SPONTANEOUS REGRESSION OF HIGH R.V.P. AFTER INFUNDIBULAR RESECTION HAD FAILED. 
Two Cases 
| 
| P.A. | R.V. 
Before open pulmonary valvotomy = i Si 18/0 150/0 
After open pulmonary valvotomy A ea | 25/10 170/0 
After open infundibular resection at - sony 30/15 160/0 
21 months later Se ae ed a ms | 16/5 30/—2 
Before open pulmonary valvotomy | 16/0 180/20 
After open pulmonary valvotomy ‘ a a 23/10 120/10 
After open infundibular resection ar a oa 18/10 110/12 
18 months later .. os oe as a Sant 23/11 25/—1 





It would be possible to give many examples of this but there is no need today now that the 
t henomenon is widely recognized. 

Bromley (1958) has pointed out that if the right ventricular pressure is again taken some 20-30 
minutes after valvotomy it will be found to have dropped to a lower level. I have not been able 
to confirm this as a general rule on cases I have observed. Kittle et a/. (1960) have shown by post- 
operative monitoring of the right ventricular pressure by a venous catheter left in situ for several 
days that the pressure remains raised and may even rise further. 

The present surgical recommendation to resect the infundibular stenosis in every case of un- 
corrected right ventricular pressure introduces a matter of fundamental importance that must be 
fully and critically discussed. 


Should Routine Open Resection be Performed for Secondary Hypertrophic Infundibular 
Stenosis ? 


The recommendation of routine open resection of the hypertrophic infundibular stenosis when- 
ever the right ventricular pressure remains high is based on the premise that it is dangerous and 
often fatal to leave the right ventricle carrying the burden of a severe residual obstruction during 
the post-operative period. On first principles it must be better to relieve the right ventricle of any 
such burden. This recommendation of routine resection of the infundibulum is, however, based on 
what are said to be two absolute equations, that residual high R.V. pressure means death, and that 
corrected R.V. pressure means survival. 

I feel that these premises are false and that the problem must include other factors that cannot 
be lightly ignored. Thus, I suggest the true presentation is that a residual high R.V. pressure plus 
a weak state of myocardium p/us an incision in the R.V. wall mean death. 

In other words a residual high right ventricular pressure is only one factor in determining death 
or survival. The essential thing is the efficiency of the myocardium. It may well be able to tolerate 
a residual high pressure (Tables IV and V), but is less likely to do so if it is in a weak state before, 
and especially if its efficiency has been further impaired by an incision. On the other hand, even 
if the R.V. pressure has been reduced by an effective relief of the obstruction, the patient may still 
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die because of the inability of a badly weakened ventricle to withstand the extra burden of the ver - 
triculotomy. An example of this is shown in Table VI. The patient was aged 8 years and it wi | 


TABLE VI 
DEATH AFTER SUCCESSFUL PRESSURE CONVERSION BY INFUNDIBULAR RESECTION 








P.A. | RV. 
Pressures before valvotomy Se we ans sta 34/18 135/8 
Pressures after valvotomy a a 23/10 120/10 
Pressures after open infundibular | resection i. ma 18/12 28/6 





be seen that there was virtually no residual high R.V. pressure and yet she died of right ventricular 
failure 18 hours after operation. 

Again, even with a free and open infundibular resection it may not be possible actually t» 
achieve a satisfactory reduction of the R.V. pressure. This is shown in Table VII. The patient 


TABLE VII 
DEATH AFTER FAILURE TO CONVERT R.V.P. BY INFUNDIBULAR RESECTION 








P.A. R.V. 
Pressures before valvotomy me ai me 15/8 150/15 
Pressures after open valvotomy . ras ca _’ 5 (mean) 150/3 
Pressures after open infundibular resection. aa 5 (mean) | 90/0 





was aged 5 years and died 36 hours after operation with frank right ventricular failure. Not only 
was his R.V. pressure not lessened adequately but his overworked ventricle had thé extra burden 
of an incision. 

It was the tragic experience in this case that turned me against the practice of performing routine 
open infundibular resection if the R.V. pressure remained high after the valve stenosis had been 
relieved. I feel confident, from my accumulated experience, that this child would not have died if 
the ventricle had not been opened. In other words death was due to over-treatment. 

Within less than a month I was faced with a similar problem in a boy aged 11 years (Table VIII). 


TABLE VIII 
HIGH RESIDUAL R.V.P. AFTER OPEN PULMONARY VALVOTOMY 





P.A. R.V. 





Pressures before valvotomy net te = a 8/2 | 225/2 
Pressures after open sautiaiacle ne = iS 8/2 280/8 
30 minutes later .. ee a ta es 8/2 220/12 





This was clearly an alarming situation and, if you believe the simple equation above, is likely t) 
prove fatal. However, with my faith in the more complex equation I felt it was proper to take the 
calculated risk of leaving the infundibular stenosis. The patient made a good recovery and al 
features up to date (18 months after operation) indicate a steady conversion of the high R.V. pre - 
sure, as has occurred in so many other patients. It is as yet too early to obtain the exact pressuie 
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by cardiac catheterization. This patient, of course, had the features of substantial right ventricular 
overload in the days after operation but he was able to ride out of the storm. 

Johnson (19595) in his study of 75 of my cases at Guy’s Hospital concluded that a persistently 
raised R.V. systolic pressure exceeding 100 mm. Hg was associated in the post-operative period 
w th a high morbidity and mortality. A phase of right ventricular failure in the post-operative 
pi riod need not be serious if the patient does weather the storm and subsequently achieves 
s; ontaneous reduction of the R.V. pressure. 

What we need to do is to examine more critically the actual mortality of these cases and also 
ir what proportion imperfect conversion of pressure occurs. Thus Johnson suggests that the 
ciitical level is 100 mm. Hg and that 3 out of 11 cases specifically studied to assess regression of 
ir fundibular stenosis showed incomplete regression. It has also been stated that patients over 20 
y ars of age tolerate a high residual pressure badly and that age is an added indication for open 
ir fundibular resection. I can say at once that a study of my figures shows no corroboration of 
tlis. From the two cases just quoted (Tables VI and VII) it will be seen that younger children may 
crtainly not survive valvotomy and secondary infundibular resection. Any patient aged 20 or 
oer with severe pulmonary valve stenosis is almost certain to have an associated hypertrophic 
it fundibular stenosis; he is also likely to have a right ventricle far less tolerant of an incision. 

This problem of whether or not to resect a hypertrophic infundibular stenosis is of such great 
iriportance that I have made a fairly complete analysis of my own cases. Statistics are always 
tedious and I ask your patience while I try to present my findings, my justification being that this is 
p-rhaps the most important practical matter arising from this lecture. 

That it is common enough to be important is shown by the fact that out of 162 of my cases with 
p‘oper pressure observations, a significantly high residual R.V. pressure was present in 60, that is 
3’ per cent. Johnson found a higher incidence (77°%) after open valvotomy than after a closed 
valvotomy (51%). This is not entirely confirmed in my full series in which the incidence is: 


Closed valvotomy fn residual R.V. pressure in 35 -. @3>%) 
Open valvotomy .. ae 84 residual R.V. pressure in 25 ~~ ea 
Both operations .. —« wee residual R.V. pressure in 60 << Stoo 


It is not entirely satisfactory taking an arbitrary residual systolic R.V. pressure of 100 mm. Hg 
as the dividing line because the pressures observed at operation are often much lower than at cardiac 
catheterization preceding operation. This is almost constant and in a typical case one may find: 


R.V. pressure at cardiac catheterization .. eh -. hee 
R.V. pressure at operation before valvotomy ay ona 80/8 
R.V. pressure at operation after valvotomy oe or 90/0 


One must include such a case as an example of unsatisfactorily high residual right ventricular 
pressure even though the final pressure is just below 100 mm. Hg. Occasional cases have, there- 
fore, been included in which the final R.V. pressure has been as low as 80 mm. Hg, but this has 
reflected a lower pressure at operation than at cardiac catheterization before operation. 

Infundibular resection was performed in 17 of these 60 patients in an attempt to reduce the 
right ventricular pressure, valvotomy only being carried out in the other 43. Of these 17 patients 
the infundibular resection was closed in 7 (2 died) and open in 10 (3 died). The resection was 
successful in lowering the R.V. pressure in only 7 and of these 2 died (both had undergone open 
infundibular resection which is said to be more effective and therefore safer). Of the 10 in whom 
pressure conversion was not secured, 3 died (2 had had closed resection, | had open resection). 
The deaths in these 17 patients, therefore, totalled 5 (a mortality of 30 per cent). 

Further, of the 43 patients who underwent valvotomy alone and were allowed to go through 
the post-operative period with a residual high R.V. pressure, 4 died (mortality 9 per cent). Two 
of these 4 had an open valvotomy; in 2 the valvotomy was closed. 
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Of the 60 patients 9 died; of the 22 aged over 20 years, 4 died; and of the 38 under 20 year: , § 
died. 

Finally we come to a consideration of the 46 patients alive who were left with a residual b gh 
R.V. pressure (30 had valvotomy only, 7 had also infundibular resection). The results are shc vn 
in Table IX. It has not been possible to submit all these patients to catheterization, but in sc ne 


TABLE IX 
LATE BEHAVIOUR OF PRESSURE IN 46 PATIENTS WITH A RESIDUAL HIGH R.V.P. 











| Valvotomy | Infund. 
only resection 
| as well 
R.V. pressure shown (by cardiac catheterization) | 
to be reduced now in 14 11 3 
R.V. pressure presumed (clinically, etc. ) to be | 
reduced now in .. ; Soul 22 18 3 
R.V. pressure uncertain now mi as ie a. | 7 | r 1 
R.V. pressure stillhigh .. He a se) 3 | 3 0 
Allcases.. ie a bs oe <4 46 39 7 





it has been considered by the cardiologist concerned, from a study of all the features, that there is 
now no evidence of residual pulmonary stenosis. The clinical findings in these patients have 
correlated so well with similar observations in those who have been shown by cardiac catheteriza- 
tion to have had a reversion of R.V. pressure, that the cardiologist has thought it a fair presumption 
that reversion has indeed occurred. 

On this basis the right ventricular pressure is now no longer raised in 36 out of 46 patients: 
of these 36, valvotomy only had been done in 29, and in 6 an infundibular resection had also been 
done. The pressure remains high in 10: in one of these a closed infundibular resection had also 
been done. 

Of the 46 survivors of this study, 4 have since undergone further operation for open correction 
of residual infundibular stenosis, 2 of them did not survive operation and neither did another 
patient who had a preliminary valvotomy elsewhere. Some of the others who still have a raised 
R.V. pressure will need a second operation. 

I fear that these figures are confusing but I will attempt to make them easier by giving my con- 
clusions based on them. 

(1) The condition is common (37-5°%%), both in children and in adults. 

(2) It is serious (15 died) and just as serious in children as in adults. 

(3) If treated by immediate infundibular resection the mortality can be high (5 out of 17). 

(4) The mortality may still be high even when the R.V. pressure is completely lowered (2 died 
out of 7). 

(5) Infundibular resection may fail to correct the high R.V. pressure. Among the 12 survivors 
it was corrected in 5 but uncorrected in 7. 

(6) The residual infundibular stenosis is likely to revert spontaneously (in 36 of 46 patients). 

(7) In a proportion the R.V. pressure remains high (10 out of 46). 

(8) This may be due to congenital organic stenosis or to acquired fixed stenosis. 

(9) The mortality of secondary resection of the infundibular stenosis may be high. 

I think these conclusions support my present policy of not performing a routine open infundi! u 
lar resection when the R.V. pressure remains high after preliminary valvotomy. I feel that ie 
patient has a better chance of surviving if the hypertrophic infundibular stenosis is left to regr ‘ss 
spontaneously. If digital exploration of the outflow tract of the right ventricle from above disclo es 
a degree of resistance that suggests organic fibrous stenosis rather than functional stenosis, I wou d, 
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of course, favour immediate resection. At present I do not find it possible to separate out those 
patients in whom spontaneous regression will not occur and I prefer to leave this to observation. 
The fact that a residual pressure of over 100 mm. Hg is more sinister still does not enable precise 
selection of cases that will not convert spontaneously. If a surgeon is unhappy about leaving a 
high right ventricular pressure in all cases, then it would be reasonable to take this arbitrary figure 
of 100 mm. Hg as a dividing line, but he should realize that he is still exposing his patient to an 
ex'ra risk by the ventriculotomy. 

{ do not suggest that my analysis supplies the final answer to this problem. I suggest, however, 
th: t instead of surgeons making a dogmatic statement that all such cases need immediate infundibu- 
la: vesection they should support their policy by a similar analysis of their actual results. I would 
re »mmend anyone interested in this aspect of pulmonary valve stenosis to be familiar with John- 
sc S$ important presentations and analysis of the hemodynamic and other factors involved. 


Pure Infundibular Stenosis 


Hypertrophic or functional infundibular stenosis inevitably reminds us that organic, congenital 
int ndibular stenosis can occur as an isolated lesion. When fibrous infundibular stenosis accom- 
pa’ es valve stenosis it may, rarely, be a congenital lesion. It may, also rarely, be an acquired 
sta 2 due to secondary fibroid changes occurring in a primarily functional stenosis. 

fime does not permit me to deal with this condition more than briefly. I will make only the 
fol »wing comments. It is rare: whereas I have operated on 198 cases of pulmonary valve stenosis 
I h.ve operated on only 17 cases of pure infundibular stenosis. 

The diagnosis is frequently overlooked, even with cardiac catheterization, and the best method 
of cognition is usually an angiocardiogram. The stenosis, as with valvar stenosis, ranges from 
mid to very severe. A small ventricular septal defect may co-exist and may be recognized only at 
operation. 

Only an open operation is permissible, for this alone allows free and meticulous resection of 
the stenosis and avoidance of the tricuspid valve mechanism, which is in danger. Although this 
cari be done under hypothermia it is much safer to use total perfusion. 

Even with careful open resection it may not be possible to achieve immediate relief of the high 
R.V. pressure exactly as in pulmonary valve stenosis. This is due to the same mechanism of 
secondary infundibular hypertrophy. In the same way spontaneous regression can occur over 1-2 
years, eventually giving a normal R.V. pressure as is shown by the following case of a child aged 
74 operated on in 1957 (Table X). 


TABLE X 
SPONTANEOUS REGRESSION OF RESIDUAL HIGH R.V.P. AFTER INFUNDIBULAR RESECTION 








Pressures P.A. | R.V. 
At cardiac catheterization, before operation .. xs 18/12 195/15 
At operation, before resection .. es es - 24/9 209/15 


At operation, after resection = ss * as 23/12 189/16 
At cardiac catheterization 3 years later. . 29/11 31/1 





Stenosis of Pulmonary Valve Ring 


Early in this lecture it was pointed out that pulmonary valvar stenosis is often associated with 
other congenital cardiac abnormalities; one of those mentioned was the small or severely stenosed 
valve ring. This is usually, perhaps inevitably, accompanied by a small pulmonary trunk. Stenosis 
of the actual valve ring has been encountered several times in this series and when a closed valvotomy 
technique was being used it was revealed by the difficulty in passing anything but a small sound 
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through the ring into the pulmonary trunk. It must be emphasized that the condition is quit 
distinct from an infundibular stenosis. The following example was disclosed at an open operatio: 
and also illustrates the difficulties of relieving the condition. 

S.R., a boy aged 9 years, was normal at birth but began to show some dyspnoea and cyanosis at one yea 
By four years the cyanosis was obvious, and a few months before he came for treatment he became deep 
blue, very dyspneeic, and could no longer walk. Operation was performed under total heart-lung by-pas 
A pressure withdrawal record would have been difficult owing to the very severe concentric hypertrophy « 
the right ventricle, but needle puncture revealed a R.V. pressure of 205/10 mm. Hg. 

The valve stenosis was composed of three equal commissures with a central circular orifice 3-5 mn 
in diameter and surrounded by a thick rosette of small vegetations which seemed to fill the lumen. TI 
three commissures were divided but it was still not possible to introduce a 4 mm. bougie into the ventric 
from above. 

The outflow tract of the right ventricle was now opened, its wall being 1-5 cm. thick. Immediate 
below the valve ring was a small infundibular chamber about 1-25 cm. long and with its thin outer wz 
almost devoid of muscle. There was no true infundibular stenosis and almost no tissue to resect. Whe : 
the pulmonary valve ring was inspected from below it was found to be only 2 mm. in diameter and was 
full of vegetations continuous with those observed from above. The severe stenosis of the valve ring ex- 
plained why entry from above was still impeded after valvotomy. The stricture at the ring was much more 
severe than the stenosis of the valve orifice. It was dilated by graded bougies and finally by gentle use of 
an expanding dilator but it was still too small. Accordingly three incisions were made into it, one at the 
site of each commissure; the expanding dilator was again used and this was followed by a 1:25 cm. bougie 
and eventually the index finger could be passed. 

After the ventricular incision had been closed, the heart took over well and the pressure and pulsation 
in the pulmonary trunk seemed adequate. A withdrawal record showed a pressure of 20/8 mm. in the 
pulmonary trunk, and of 50/5 mm. in the right ventricle. The final right ventricular pressure, taken by 
needle, was 68/5 mm. Hg. Recovery was complicated by rather prolonged right ventricular failure as shown 
by raised venous pressure and fluid retention, but this ultimately resolved satisfactorily. 


THE MYOCARDIAL FACTOR IN PULMONARY VALVE STENOSIS 


I have told you something of the mortality of the surgical treatment of pulmonary stenosis and 
have mentioned briefly an assessment of the clinical results as presented by Campbell. It should be 
obvious to you that by modern open techniques the pulmonary valvotomy can be a precise, definitive 
procedure that should be capable of giving complete relief of the actual valvar stenosis in almost every 
case. It does not follow that the cure is thus complete, because other and more complex factors 
are involved, most of which are essentially myocardial in origin and nature. A good example is 
the complex state produced by hypertrophic infundibular stenosis which has just been presented 
and profoundly influences mortality and later clinical results. 

This, indeed, introduces what I wish to make my closing theme and indeed my main message 
from my experiences in the surgical treatment of pulmonary stenosis. If a surgeon imagines that 
his task begins and ends with the operation on the valve then he is ignorant of all the implications 
of this disease. The surgical treatment, as opposed to the incident of the operation itself, must 
embrace what is happening to the patient and to his heart in the years before operation; what the 
factors are that influence the actual course of the operation, and what secondary disturbances mu 
be taken into account in the immediate and later post-operative period. These consideratio! 
apply, of course, to all cardiac operations; I merely take pulmonary stenosis as supplying a partic: 
larly convenient example of them. Without respecting these considerations, the cardiac surge« 
is a mere operator. 

Of the various secondary features consequent on the pulmonary stenosis the most important a 
those acting through the myocardium and I wish to deal with two observations made on the lat 
clinical course of these patients. Both, I consider, are fundamental. 

First, our chairman today, Dr. Maurice Campbell, writing in 1959 on a clinical study of | 
patients after valvotomy discusses improvement in the electrocardiogram. In good result cases 
finds that the right ventricular preponderance and strain pattern may disappear completely. T! 
change may take place within a year, although in cases in which relief of the valvar stenosis has be: 
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replaced by a secondary hypertrophic infundibular stenosis, improvement is slower and may con- 
tinue over as long as four years. In general, however, regression occurs unless there is residual 
organic pulmonary stenosis. He then considers the influence of age and observes that in patients 
in the late teens or over 20 years of age the improvement may be modified: the features of right 
vertricular preponderance may recede but the signs of right ventricular strain as shown by the 
T- vave inversion may not recede. Although it may be difficult to disentangle the factors of age 
an | of inadequate relief of the stenosis, there is little doubt that the older the patient, the more 
di‘ icult it is to achieve correction of the T-wave inversion. That this T-wave inversion can repre- 
se: t functional changes is evident because it can be reversed by a successful operation. Campbell 
pc nts out that we know equally that it can be due to permanent damage to the muscle of the 
ve itricle: the changes usually consist of diffuse replacement fibrosis of irreversible nature. That 
th ; is influenced by age is reasonable and acceptable, especially as these changes are common 
af 2r 20 and uncommon before this age (Allanby and Campbell, 1949). 


Age is, however, not the only factor, for permanent changes can be seen in young children 
in whom complete relief of their stenosis has been achieved by the operation, but the original 
ot .truction was very severe and had clearly caused myocardial damage. In other words youth 
dc »s not necessarily protect the myocardium from irreversible changes. 

Important corroboration of this is given by Johnson’s recent work presented to the British 
C: -diac Society in which he reports that he has found that increase in cardiac output is abnormally 
sn all in many cases of pulmonary stenosis, both before and after valvotomy; and even when it is 
nc‘mal it is achieved abnormally. Persistence of abnormal response after complete relief of 
th stenosis and even after regression of the right ventricular hypertrophy indicates that another 
mechanism is involved other than the difficulty of ejection through the valvar stenosis. He finds 
ev dence of increased resistance of the right ventricle to filling and suggests that this is due to per- 
m:nent myocardial changes, most probably fibrotic. 

The surgeon who actually handles the ventricular muscle at operation needs no convincing of 
the probability of permanent secondary changes having occurred when severe disease has been 
present for many years. The quality of the muscle is tough, it is more rigid, it is thicker, and 
when cut into it is obviously more fibrous. If cardiac massage is needed the rigid, inelastic quality 
is even more evident. 

These observations of Campbell and of Johnson serve as factual verification of the postulate 
that must guide us in advising operation in cases of heart disease, at any rate of the obstructive type. 
They emphasize that it is unsatisfactory and dangerous to postpone operation in any case in which 
important obstruction is present. They emphasize the danger that exists in children for in them 
the power of ventricular hypertrophy is so great that severe obstruction may be present and yet 
symptoms may be absent. They may pay a high price for this youthful power of hypertrophy. Not 
only is severe obstruction overlooked or ignored iq children, but they may even be encouraged to 
indulge in all forms of effort under the mistaken idea that they can do so without harm to their myo- 
cardium. Sir James Mackenzie is said to have stated that a child will never do himself harm by 
his own exertions: there is no doubt that this is utterly wrong. 

It is essential that we should recognize the silent peril besetting these patients and that we 
strive to recognize and to measure the presence of significant obstruction and relieve it as soon as 
possible before permanent changes have occurred in the myocardium—changes that may occur 
even in a young child. 

Another feature that indicates permanent myocardial changes is persistence of cardiac enlarge- 
ment on radiography. Even though the heart size is smaller and even though right atrial enlarge- 
ment has receded, the shadow of the ventricular mass may still be so large as to suggest residual 
stenosis. This may be supported by imperfect resolution of electrocardiographic changes. How- 
ever, the clinical result may be excellent and complete relief of the stenosis is verified by cardiac 


catheterization. The persistence of cardiac enlargement is an indication of a damaged myocardium 
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and it is in just this type of case that a subnormal cardiac output and poor response to exercis: 
is demonstrated by Johnson’s work. 

The evidence that permanent myocardial damage to the right ventricle occurs can be summarize | 
as below. 

(1) Hypertrophic infundibular obstruction. 

(2) Heart still large on radiograph. 

(3) Electrocardiogram still shows T-wave inversion, etc. 

(4) Little or no improvement in cardiac output, and no increase with exercise. 
(5) Incomplete clinical recovery. 

It is widely believed that Sir James Mackenzie, and certainly Sir Thomas Lewis, taught again: 
the importance of valve disease and emphasized the over-riding importance of the myocardiu: i 
itself. Sir Thomas Lewis certainly wrote “It is probable that the reason why valve disease 5 
significant is not to be found mainly in the burdens that it imposes upon the muscle, but mainly 
in associated disturbances that come with the valve disease and from a common source. The 
heart displaying disease of its valves has usually been the seat of inflammatory process or of dc- 
generative change.” And again “Surgical attempts to relieve cases of mitral stenosis have so far 
failed to give benefit. I think they will continue to fail, not only because the interference is too 
drastic, but because the attempt is based upon what, usually at all events, is an erroneous idea, 
namely that the valve is the chief source of the trouble.” 

Certainly in my early efforts to establish mitral valvotomy I was met by much opposition based 
essentially on this doctrine. I am not sure that it was not exploited, by some psychological twist, 
to justify the /aisser faire attitude that existed. 

That Mackenzie emphasized the importance of the myocardium is certain, but I have been 
unable to find in his writings anything quite so forthright as Lewis’s remarks against the primary 
importance of valve disease. His presentation of the basic importance of the myocardium in the 
efficiency of the heart is clear and impressive. His comment on “compensation” is especially 
acceptable. “Here I want to point out that hypertrophy, due to any morbid cause, invariably 
indicates an inefficient heart. I want you to grasp this, as there has come into use a term which is 
often used in a manner distinctly misleading. I refer to the term compensation. The use of this 
term is characteristic of much that is vague and unscientific in medicine... Ifa patient has hyper- 
trophy which is not physiological his power of response is limited.” 

Lewis’s emphasis on the usual presence and importance of myocardial damage in association 
with valvar disease is, of course, correct and is only too often overlooked today when cardiac sur- 
gery is liable sometimes to direct too much attention to the valve lesion. Nevertheless, Lewis 
erred in negating the basic importance of a severe valve lesion. It may be that both he and Macken- 
zie were influenced by the impossibility of successful relief of valve disease by operation. Certainly 
their writings are dominated by acquired heart disease and their experience in congenital heart 
disease was scanty. If they had observed cases of pulmonary stenosis as carefully and as fre- 
quently as they studied cases of rheumatic and other forms of acquired heart disease, they would 
inevitably have modified their views on the relative importance of the primary valve lesion and of 
the state of the myocardium. 

In congenital heart disease we have no evidence that the myocardium is affected by primary 
disease equally with the valve. The presumption is that the valve lesion is primary and that the 
diseased or degenerate state of the myocardium is entirely secondary to the valve obstruction. We 
have, therefore, in congenital heart disease a means of apportioning the relative importance of t'ie 
valve lesion and the myocardial lesion. We can realize that the one arises from the other. I an 
sure that both Mackenzie and Lewis, had they been familiar with our greater experiences of co 1- 
genital heart disease today, would have had no difficulty in accepting and teaching this. Th: ir 
thoughts and knowledge and writings on the subject of the importance of the myocardium as t 'e 
final determining factor of the clinical course and prognosis in heart disease apply just as strong 'y 
today to pulmonary stenosis as they did when they taught about acquired heart disease. Just 1s 
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they tended to mark down the importance of the valve lesion, so there is a danger today that we do 
not attribute enough importance to the state of the myocardium in our own management of cases 
of congenital heart disease and especially of pulmonary stenosis. The state of the myocardium is 
paramount in all conditions of the heart. 


SUMMARY 


Experiences are presented in the treatment of 198 patients with pulmonary valve stenosis. 

A brief survey is made of the incidence of the condition, morbid anatomy, clinical significance, 
id indications for operation. 

The significance of cyanosis is discussed: of the 198 patients 74 were cyanosed, 124 were not. 
1e proportion with cyanosis is less than it was initially. In general, it indicates a more severe 
‘sion. The need for closure of the atrial communication is discussed: although not essential in 
- ost cases, closure is certainly preferable. 

Closed pulmonary valvotomy is presented and it is shown that the results have been very satis- 
ctory. However, the general principle of the superiority of open heart surgery applies in this 
ndition, and the closed operation should be displaced by the open procedure except possibly in 
ry poor risk cases, and more particularly in severely cyanosed infants. There were 8 deaths in 
\7 cases. 

Open valvotomy is discussed and it is pointed out that most cases can be operated on more 
nply and more efficiently under hypothermia than under total heart-lung by-pass, except when 
e case is complicated or in the presence of cyanosis. There were 5 deaths in 84 cases. 

The problem of persistent high right ventricular pressure after valvotomy is presented and dis- 
cissed. This is one of the complex and difficult problems of operation for pulmonary stenosis. In 
).0st cases it is due to secondary hypertrophic infundibular stenosis. Occasionally the infundibular 
s\enosis is fibrous and congenital, and sometimes a functional stenosis may undergo permanent 
fibrous changes. 

We do not know yet what is the best management for these cases. The suggestion that routine 
infundibular resection should be done is not acceptable on the available evidence. Indeed evidence 
is put forward that this may carry an undesirably high mortality. Certainly in most cases spon- 
taneous regression of muscular hypertrophy occurs over 1-2 years with spontaneous reversion of 
the high right ventricular pressure. 

Spontaneous reversion of pressure occurred in 36 out of 46 patients. Several of the 10 in whom 
the pressure is still variably raised may require secondary infundibular resection, but not all of them. 
It is necessary, if this problem is to be satisfactorily settled, that other surgeons should present a 
careful analysis of their cases and refrain from dogmatizing until this is done. 

Pure infundibular stenosis, a much rarer condition than valvar stenosis, is briefly discussed. 
Open operation under total body perfusion is obligatory. 

It is not possible to understand the natural history and problems of pulmonary stenosis if only 
the valve stenosis is considered. Of great importance is the myocardial factor. This becomes 
increasingly important with the severity of the stenosis and the duration of the disease. Permanent 
myocardial damage may exist even in the young, and is usual after the late teens. Even after a 
complete relief of valve stenosis the prognosis can be adversely affected by these myocardial 
changes. 

The significance of the myocardial factors underlines the need for early operation in almost all 
cases. 


ro 


| 


— “ OO ™> 


- 


I cannot end this lecture without acknowledging the debt I owe to all my colleagues and assistants who have shared 
the management and treatment of these 198 cases of pulmonary valve stenosis. In addition to Dr. Maurice Campbell 
at Guy’s Hospital, Dr. Paul Wood has asked me to operate on many patients at the Brompton Hospital and from the 
National Heart Hospital. Cardiac catheterization studies have been indispensable and I have been privileged to 
enjoy the very highest quality of work therein from a whole succession of Senior Registrars and Research Fellows. 
They will forgive me if Ido not mention them all by name, just as I cannot name individually all those others without 
whom this series of heart operations would not have been possible. 
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Coronary embolism has been considered a rare and often fatal mishap. The most frequently 
sorted heart diseases causing coronary embolism have been syphilis and bacterial endocarditis 

‘ hrader eft al., 1956), so that coronary embolism might be expected to be decreasing in frequency. 
ir experience suggests, however, that its occurrence is by no means rare in rheumatic heart disease. 
The object of this paper is to report five patients with mitral stenosis who had coronary emboli 

d to comment on the significance of anginal pain and ischemic heart disease in mitral valve 

sease. None of the five patients had bacterial endocarditis. Evidence is presented to support our 

lief that coronary embolism is neither uncommon nor usually fatal, that it may be unobtrusive 
. ther than dramatic, diagnosed retrospectively as often as currently, and that it is the most 
iportant cause of angina in patients with mitral stenosis. 

Since the first post-mortem description of coronary embolism was published by Virchow in 
1456, 90 acceptable cases have been reported. Shrader et al. (1956) stated that coronary embolism 
was usually fatal, and quoted a mortality rate of 96 per cent in their review of 54 previously reported 
causes. Wenger and Bauer (1958) reviewed 61 such cases and described 15 more occurring at the 
Mount Sinai Hospital, New York, between 1929 and 1957 (an incidence at necropsy of 0-06 per cent). 
The commonest sources of embolism in 74 patients were fragments of vegetation in bacterial endo- 
carditis in 47 (64°%), aortic thrombus in 9 (12°) and intra-cardiac thrombus from the left ventricle 
alter infarction or from the left atrium in mitral stenosis in 8 (11°). Three of these authors’ 
cases of coronary embolism were found to be incidental to the cause of death at post-mortem 
examination, and all three were seen within a period of six months in 1957. In two of them, the 
source of the embolism was calcified left atrial mural thrombus, whereas in only one of the ten fatal 
cases seen during a 28-year period was left atrial thrombus due to mitral stenosis the source of the 
embolism. These authors suggest that coronary artery embolism with recovery may not be rare, 
and since their paper there have been reports of six other patients with coronary embolism 
incidental to the cause of death (Wigle, 1957; Kavanaugh et al/., 1958; and Case records of the 
Massachusetts General Hospital, 1958). Study of the earlier reports suggests that instances in which 
recovery took place might not have been recognized. 
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ANGINAL PAIN 


Angina is well known to occur in heart disease that is not due to coronary artery atherosclerosis. 
It is most common in severe aortic stenosis in which generalized replacement fibrosis of the left 
ventricular muscle chiefly in the subendocardial region is the rule at necropsy. In aortic stenosis 
there are several causes of generalized myocardial ischemia. The left ventricular stroke work may 
be as much as four times the normal; the oxygen demands of the hypertrophied muscle mass are 
increased; there is mechanical impedance to coronary flow by systolic compression of the vessels 
and partial covering of the ostia by the distorted aortic valve cusps; and finally there exists a relative 
inability to increase the cardiac output on effort. The amount of fibrosis is related to the severity 
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of the stenosis and the degree of left ventricular hypertrophy, and the presence of angina is a reliab e 
clinical indication of severe aortic valve disease. Calcareous coronary emboli from the aort c 
valve sometimes occur but are not the usual cause of cardiac ischemia in this disease. 

Angina is not uncommon, however, in mitral stenosis also: “functional coronary insufficiency 
has been invoked but is a much more tenuous concept than in aortic stenosis. In pure mitr 
stenosis the left ventricular stroke work is normal or reduced and there is no mechanical impedan e 
to coronary flow. The oxygen supply to the left ventricle in mitral stenosis can become deficie it 
only when the cardiac output is very greatly reduced. Coronary blood oxygen extraction may th n 
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be almost complete at rest, and when on effort the flow cannot be merely increased, ischemia m: 
result. This mechanism can account for angina only in those patients with mitral stenosis who 
cardiac outputs are extremely low. 

In contrast to aortic stenosis, microscopic myocardial fibrosis is minimal in mitral stenoss, 
while macroscopic fibrosis is focal, much less common, and much less extensive. When preser t, 
fibrosis in mitral stenosis is found almost exclusively in the posterior wall of the left ventricle (Wig! 2, 
1957). Wood (1954) and Stuckey (1955) found that ischemic changes in the cardiogram after 
effort in mitral stenosis were usually greatest in posterior leads, and it is therefore of interest that 
six out of eight infarcts in Wenger and Bauer’s (1958) cases of coronary embolism were posterior. 


CORRELATION OF ANGINA AND CORONARY EMBOLISM 


It is surprising that no attempt has previously been made to relate the sequele of coronary 
embolism to the occurrence of ischemic cardiac pain in mitral stenosis. Stuckey (1955) correlated 
cardiac pain with the severity of the mitral stenosis and the resultant low cardiac output. The 
average resting cardiac output in 15 of his 34 patients with mitral stenosis and angina was 3-7 litres 
per minute, but figures were not given for the cardiac output in the other 366 patients who had mitral 
stenosis without angina. A low output probably accounts for angina in a few instances, particularly 
when associated coronary atherosclerosis is present, but we were repeatedly struck by meeting young 
patients with incontrovertible angina with a normal cardiac output and with no more than passive 
pulmonary hypertension. Angina is rare in mitral regurgitation (for there were no instances in 
40 patients in Stuckey’s series), and possibly this is related to the infrequency of embolism from the 
left atrium in free mitral regurgitation. 

When a young woman (C.H.) under our observation as an outpatient was admitted to hospital 
with classical coronary embolism, we decided to study the incidence, circumstances, and sequele 
of coronary embolism relevant to the incidence and etiology of myocardial ischemia in mitral 
stenosis. 


THE PATIENTS STUDIED 


Only patients with dominant mitral stenosis were studied. In the majority the stenosis was 
critical and thus required valvotomy. Haemodynamic data were obtained in many, and most came 
to operation, when the surgeon confirmed the size of the valve and could assess the state of the left 
ventricle and note any scarring. Patients in whom mitral stenosis was complicated by important 
aortic valve disease were excluded. 

There were 194 patients in the study; 152 (73°%) of them were women and 42 (27%) were 
men, while 57 per cent of the women and 47 per cent of the men were over the age of 40 at tie 
time of operation. 

Diagnosis of Cardiac Ischemia. Cardiac ischemia was diagnosed if any of the followi.g 
features were present: angina of effort or previous myocardial infarction; a positive cardiograp! ic 
effort test in patients not having digitalis; cardiographic abnormalities that could not 2. 
attributed to ventricular hypertrophy, digitalis effects, or hypokalemia; or the findings at operati n 
or necropsy of disease of the coronary arteries or a myocardial scar. 





de 


fo 


en 
nc 


Fic. | 
I 
T 


that 
seize 
and ; 
but d 
T 

no cl 
and s 
There 
and t 
She w 
sound 
At 
transy 
Telatec 
with f 
Co 
1959, « 
effect ; 





10 € 


OS!3, 
er t, 
igie, 
after 
that 


mary 
lated 

The 
litres 
nitral 
ilarly 
oung 
assive 
ses in 
m the 


spital 
quele 
mitral 


is was 
t came 
he left 
yortant 


) were 
at tie 


llowi 1g 
srapl ic 
not 2% 
eration 


Sip ioe PER 


ae 








CORONARY EMBOLISM AND ANGINA IN MITRAL STENOSIS 359 


CARDIAC INFARCTION 


Five patients with mitral stenosis and coronary embolism resulting in cardiac infarction are 
described below. 


Case 1. Mrs.C. H., aged 44, was seenin October 1957 with a history of increasing shortness of breath 
for two years. There was nothing to suggest paroxysmal arrhythmia, emboli, angina, or cardiac failure. 

Examination. Sinus rhythm was present with signs of pure tight mitral stenosis. An X-ray showed 
en'argement of the left atrium and evidence of pulmonary venous hypertension. The cardiogram was 
ncmal apart from left atrial enlargement (Fig. 1). The patient was not taking digitalis. It was considered 
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Fic. 1.—The cardiogram on 17/10/57 is normal except for left atrial P wave, shown only in lead II. That of 
17/1/58, taken 16 days after the episode of chest pain, shows atrial fibrillation and evidence of anterior infarction. 
That of 7/3/59 shows no evidence of previous infarction, all the changes being attributable to digitalis. Case 1. 


that she would need valvotomy and she was put on the waiting list for admission. In January, 1958, she was 
seized with sudden severe gripping chest pain which travelled from the right elbow to the shoulder blade 
and across the front of the chest. The pain persisted until morphine was given. The patient felt faint 
but did not lose consciousness nor did she notice any irregularity of her heart. 

Twelve days later she was admitted to Hammersmith Hospital. Apart from atrial fibrillation there was 
no change in the physical signs or radiological appearances. The cardiogram confirmed the arrhythmia 
and showed deep symmetrical T-wave inversion in leads V2 to V7 without change in the QRS complexes. 
There was no family history of premature atherosclerosis, the serum cholesterol was 150 mg. per 100 ml. 
and the menopause had not occurred. Coronary embolism causing anterior infarction was diagnosed. 
She was treated with digitalis and anticoagulants and confined to bed. Mitral valvotomy was deferred until 
sound healing of the infarct could be assumed, phenindione being continued meanwhile. 

At operation in November, 1958, by Mr. Kerr the mitral valve was split from 1-5 to 4 cm. in diameter by 
transventricular valvotomy. There was a fibrous scar 14 cm. in diameter at the apex of the left ventricle, 
related to the anterior descending branch of the left coronary artery. An uneventful recovery was made, 
with freedom from dyspnoea and angina. 

Comment. There is no doubt that cardiac infarction resulted from coronary embolism. By March, 
1959, cardiographic stigmata of ischemia had disappeared, the ST-T changes being attributable to digitalis 
effect alone. There is now no objective clue to suggest past infarction except this patient’s own memory 
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of the incident. The passage of time may dim the memory and it is easy to imagine that many simiil: - 
cases with milder chest pain could be missed entirely. 

Case 2. Mrs. M. Y., aged 37, had been short of breath for three years. There had been no chest pair , 
palpitation, or suggestion of emboli. In January, 1957, she developed sudden severe pain down both arm , 
radiating later to the retrosternal area. The pain lasted 12 hours and the patient was later admitted 
Bedford General Hospital under the care of Dr. Lewes. She was in sinus rhythm with signs of tight mitr 
stenosis, pulmonary hypertension, and tricuspid regurgitation. The cardiogram showed an rS pattern 
leads V4 and V5, and QS in V6 with symmetrical T wave inversion (Fig. 2). One month after this incide: 
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Fic. 2.—The cardiogram on 8/2/57, five weeks after the acute episode shows extensive anterior infarction. There : 
progressive recovery of T waves, and the record on 16/4/58 shows changes suggesting combined ventricule 
hypertrophy and concealed anterior infarction. Case 2. 
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she had a left popliteal embolus, and in April she was admitted to Hammersmith Hospital. The cardi 
graphic changes had recovered, there now being a dominant R in V6 and V7 with flat T waves. She w: 
severely incapacitated by fatigue and dyspnoea but had no angina. An effort test was negative. Digita’: 
was not being given. 

Mitral valvotomy, deferred to allow time for healing of her infarct, was performed in September by M 
Cleland. The valve opening was 1 cm. in diameter. The medial commissure only was split digitally to gi 
an orifice of 3cm. Atrial fibrillation developed after the operation; sinus rhythm was restored with qui i- 
dine, but readmission was necessary on three occasions subsequently because of relapse into fibrillati:.n 
and persistent disability. The cardiogram six months later showed an rS pattern in all chest leads suggesti ’¢ 
of combined ventricular hypertrophy and concealed cardiac infarction. 
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Necropsy. In October, 1958, a year after the operation the patient died suddenly at home. Necropsy 
showed re-stenosis of the mitral valve with an orifice of 1 cm: the medial commissure had re-fused. The 
left ventricle was greatly dilated, almost aneurysmal, the anterior wall and apex bearing an extensive old 
fibrous scar which largely replaced the heart muscle. The fibrosis extended to the interventricular septum. 
The coronary arteries were patent and normal, the embolus having presumably broken up and packed away 
into the smallest coronary branches. There was no pulmonary edema. Both kidneys showed old infarcts. 

Comment. Coronary embolism caused a large area of infarction and commencing left ventricular 
‘eurysm in a 37-year-old woman who died suddenly with restenosis of the mitral valve 13 months after 
lvotomy and 21 months after the cardiac infarct. There was no coronary atherosclerosis and no macro- 
opic coronary arterial occlusion. The absence of macroscopic occlusion is often a feature after embolism 
major vessels anywhere in the body, but not often compatible with thrombosis in situ. Evidence of other 
stemic emboli was found. 

Case 3. Mrs. D. D., aged 33, first noticed shortness of breath in 1956 at the age of 30, but in March 1953, 
the age of 27, signs of severe mitral valve disease with combined stenosis and regurgitation had been 
f und. The cardiogram showed left atrial and left ventricular enlargement, confirmed on X-ray. There 
is no history of chest pain or embolism. By July the same year, much deterioration had taken place and 
e patient was admitted to hospital in gross heart failure with atrial fibrillation. She responded well to 
2atment and was discharged. 

In November, 1953, there was sudden pain in the chest “like being clamped in a vice.” This lasted 
yout four hours, and resulted in admission to hospital. The patient was ashen and clammy, with a 
ry small pulse volume and gross congestive heart failure. A cardiogram showed recent massive anterior 
farction with QS waves in leads I and V1 to V4 followed by deep T inversion in leads T and V2 to V6. 
1ere was no improvement and death occurred 36 hours after admission. 

Necropsy. The heart weighed 660 g. and there were 75 ml. of clear pericardial fluid. The visceral 
‘ricardium was slightly roughened over an area 7 cm. across on the anterior surface of the left ventricle 
‘tween the septal region and the apex. The left atrium was greatly enlarged and contained antemortem 
rombus. The left ventricle was dilated and 1-1 cm. thick. There was a recent red infarct of its anterior 
all 7 cm. wide and extending up 7 cm. from the apex. The septum and the right ventricle were not involved. 
There was no mural thrombus. The coronary arteries were virtually free of atheroma and widely patent. 
Thrombus (probably embolic) 1-5 cm. long lay in the anterior descending branch of the left coronary artery, 
its proximal end being about 2-5 cm. from the aortic ostium. This clot was adherent to the wall and red, 
probably a few days old. The mitral orifice admitted three finger tips; the cusps were thickened and not 
calcified. No other emboli were found. 

Comment. An unequivocal coronary embolism occurred as the sole embolus in a young woman with 
dominant mitral regurgitation, causing recurrence of congestive heart failure, which was irreversible. 

Case 4. Mrs. L. S., aged 51, was admitted to hospital in 1945 on account of mitral stenosis with unstable 
rhythm and repeated paroxysms of atrial flutter or fibrillation. Between 1945 and 1953 she had a series of 
emboli including saddle and renal emboli, was seriously limited by dyspneea, but did not have angina. There 
was no history of chest pain, syncope, or pulmonary cedema. On assessment in 1953 there were auscultatory 
signs of tight mitral stenosis without regurgitation. There was unexplained enlargement of the left ventricle. 
The blood pressure was 120/80 and there was a faint basal diastolic murmur. No signs of heart failure 
were present, but X-rays showed a grossly enlarged heart with cardio-thoracic ratio 70 per cent. The 
cardiogram showed atrial flutter, unusually deep Q waves with dominant R waves in V1 and V2, a dominant 
R without Q wave in V5 and T wave inversion throughout (Fig. 3). At cardiac catheterization the 
pulmonary trunk was not entered but the right ventricular systolic pressure was 63 mm. Hg, the cardiac 
output 3-5 litres a minute, and the estimated pulmonary vascular resistance, about 5 units. 

Mitral valvotomy was performed in November, 1954, by Professor Pilcher. The pericardium was adherent 
anteriorly to the ventricles over an area about 4 cm. in diameter. The adhesions were partly separated and 
it was then seen that the underlying heart muscle was pale and fibrotic. The adherent area involved the 
contiguous parts of the two ventricles. The left atrium was enlarged. No thrombus was found. The 
mitral valve was spindle-shaped 1 cm. long, and calcified, but because of its rigidity the effective size could 
not materially be increased. There was no mitral regurgitation. An uneventful recovery followed the 
operation. 

Comment. An old cardiac infarct was found at the time of mitral valvotomy in a 51-year-old woman. 
The left ventricular enlargement could be explained as a result of failure, with dilatation and ensuing hyper- 
trophy following a major cardiac infarct which caused heart failure. As she had reached the age of risk 
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Fic. 3.—The cardiogram on 20/11/53 shows coarse atrial fibrillation and a deep Q wave in leads V1 and V2 with 
S-T depression and T wave inversion in V3, V4, and V5. On 27/12/54 the changes are more marked and suggest 
infarction of both ventricles. Case 4. 


from atherosclerotic coronary occlusion, a diagnosis of embolic occlusion was no more than inferential. 
The unusual site of the infarct and the systemic emboli, however, supports the diagnosis of coronary embo- 
lism. The absence of cardiac pain may have been due to severe dyspneea and heart failure. 

Case 5. Miss B. B., aged 41, was first seen in 1948 with mitral stenosis and sinus rhythm. A standard 
lead cardiogram was normal. Seven years later she was admitted to hospital with very severe cramp-like 
retrosternal pain radiating to the left breast and arm, of several hours’ duration. There was faintness and 
shock. The patient had noticed palpitations for three days previously and there was a history suggestive of 
paroxysmal arrhythmia but not of emboli, and she had not had angina. Examination showed signs of 
atrial fibrillation and mitral stenosis. The cardiogram (Fig. 4) showed recent anterior infarction with a 
QS wave in leads V4 and V5 and convex S-T segment elevation with commencing T wave inversion in leads 
V3 to V5. On treatment by bed rest and phenindione rhythm remained an unstable atrial flutter and three 
days later there was a left renal embolus; two days after this, and six days after stopping phenindione, a 
right brachial embolism occurred. At this time there were signs of pure tight mitral stenosis without 
mitral regurgitation or aortic valve disease and the blood pressure was 100/70. The clinical enlargement 
of the left ventricle could not be explained. The X-ray showed that the heart was larger than in 1948, this 
being due apparently to left ventricular enlargement. The left atrium was also enlarged. Mitral valvotomy 
was performed by Professor Pilcher in July, 1956. The valve was found to be 1 cm. in diameter, without 
regurgitation, and the orifice was enlarged to3 cm. A localized bulge was seen in the lower part of the righ’ 
ventricle which seemed to be displacing the left ventricle backwards. The surface over it was grey anc 
resembled a scar 3-4 cm. in diameter which merged gradually into healthy muscle. There was very little 
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Fic. 4.—The cardiogram on 23/12/55 shows deep Q waves and S-T segment elevation in leads V4 and V5 due 
to infarction of the anterior wall of the right ventricle. There is unstable atrial flutter rhythm with 2:1 
atrioventricular block, changing to coarse atrial fibrillation in the record of 23/12/55. Obvious stigmata 
of old infarction persist in the last record taken on 10/9/56. Case 5. 


pulsation in the affected part. In the centre was a patch of fibrous tissue 1 cm. in diameter with strands 
extending from it blending into the surrounding part. The leg pulses were felt on return to the ward but a 
saddle embolus occurred six days after the operation necessitating mid-thigh amputation. Conversion to 
sinus rhythm was not attempted. The patient returned to Wales and has not been seen since. 

Comment. An unequivocal coronary embolism with major infarction occurred in a patient with an 
unstable rhythm who had other emboli. Left ventricular enlargement followed and the infarcted area was 
subsequently seen at operation in an unusual site on the anterior wall of the right ventricle. 

Coronary embolism causing minor infarction is easily diagnosed if seen during the acute incident, and 
also coronary embolism that has caused major infarction, even if there has been no acute episode, is 
readily recognized. But retrospective diagnosis of past coronary embolism causing minor infarction can 
only be speculative and this is probably the commonest type. 


ANGINAL PAIN 


Forty two patients (20°) suffered from angina of effort. Angina was commoner in the older 
patients, its incidence being 25 per cent in the patients over 40 compared with 16 per cent among 
patients below this age. This was to be expected as the accepted causes of ischemic cardiac pain 
are more frequent in the older group of patients. These tended to have long-standing mitral valve 
disease, often had a high pulmonary vascular resistance, and were at some risk from coronary 
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atheroma. Older patients with mitral stenosis also have a higher incidence of systemic embo i 
(Bannister, 1960). 

The higher incidence of angina in our series than in Wood’s (1954) series (8-5°% of 400 patient ) 
is probably partly due to all our patients having critical stenosis whereas some of Wood’s ha i 
mild or moderate stenosis, and possibly partly due to a higher average age in our patients. 11 
contrast to Stuckey we found no consistent difference in character or duration between the angin: | 
pain suffered by our patients with mitral stenosis, and the pain described by patients with occlusiy 2 
coronary atherosclerosis. The following case reports illustrate the association of angina wit. 
mitral stenosis. 


Case 6. Mrs. O. H., had developed heart failure during her first pregnancy when she was 27. After th s 
she had minimal disability until, in 1957, at the age of 36, she suddenly developed dyspnoea, orthopne.., 
and oedema of the ankles. She improved with digitalis and for the next two years had moderate shortne: s 
of breath, was easily tired, and suffered from bronchitis. There had been no systemic emboli bit 
she developed classical angina of effort which was more disabling than her dyspnoea. At the age of 38 she 
had auricular fibrillation with signs of pure tight mitral stenosis, with tricuspid, but not mitral regurgitation, 
and no serious pulmonary hypertension. The blood pressure was never higher than 140/80 and there wes 
no aortic valve disease, but the left ventricle was unquestionably enlarged. The cardiogram showed T wave 
inversion in leads V1 to V3 and S-T segment depression in leads V1 to V4 with possible left, but no right, 
ventricular enlargement. The effort test was strongly positive (Fig. 5) after exertion, less than that required 
to produce angina. An indicator dye dilution curve, obtained by injection into the pulmonary artery, was 
normal, excluding significant mitral regurgitation. It was thought that she had had a coronary embolus 
at the time of onset of atrial fibrillation and sudden decompensation two years previously, this being followed 
by angina and left ventricular enlargement. 
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Fic. 5.—The resting cardiogram shows S-T segment depression confined to leads V2 to V4. After effort, S-T 
segment depression and early T wave inversion are seen in leads VF, VS and V7. Case 6. 


At mitral valvotomy by Mr. Sayed in September, 1959, moderate left ventricular enlargement was cor- 
firmed, and there was a scar | cm. in diameter at its apex. The mitral valve orifice was less than 1 cm. and 
was successfully split to 4 cm. without producing regurgitation. Recovery was uneventful. 

Comment. In retrospect this patient probably suffered a cardiac infarction due to embolism. Angina, a 
cardiogram suggestive of localized ischemia, a positive effort test, and left ventricular enlargement supporte 4 
the diagnosis. 

Case 7. Mrs. E. B., aged 41, underwent mitral valvotomy by Mr. Cleland in January, 1952, at the age 
of 35 years. Excellent relief of dyspnoea and bronchitis followed, and her cardiogram, which had shown 
a dominant R in leads V4R and V1, with T wave inversion in leads V1 to V3, became normal 10 mont! s 
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after operation. The improvement lasted for five years after which, at the age of 39 years, typical angina 
of effort developed. The pain was always promptly relieved by trinitrine, but restricted her activity. A 
cardiogram now showed sagging depression of the S-T segment in leads II, III, VF, and V2 to V7, with flat 
T waves. Six months later she had developed permanent atrial fibrillation, and an effort test taken at that 
time was strongly positive (Fig. 6). The angina persisted for about 18 months and then gradually dis- 
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Fic. 6.—Case 7. The cardiogram on 23/2/56 shows sinus rhythm and slight S-T segment depression due to 
digitalis. On 20/9/57 there is atrial fibrillation with S-T-T wave changes attributable to digitalis, but a 
grossly positive effort test. (A.E.=effort test). 


appeared ; but she had become short of breath again. There was no history of emboli, no enlargement of the 
left ventricle, and no evidence of heart failure. The auscultatory signs suggested that the mitral valve had 
restenosed, although it was not as tight as before the first operation and there was no obvious rise in the 
pulmonary vascular resistance or recurrence of the previous cardiographic signs of right ventricular hyper- 
trophy. A second mitral valvotomy was performed by Mr. Bentall in March, 1959, when the patient was 41 
years old, and the mitral valve was split from 14cm. to 34cm. The left ventricle was of normal size and no 
scar was seen. She has again achieved excellent symptomatic and objective relief. 

Comment. Angina of abrupt onset and cardiographic evidence of ischemia was followed by atrial 
fibrillation. The angina disappeared spontaneously, although a second valvotomy was not performed 
until a year later. A diagnosis of coronary embolism here can only be speculative but the occurrence of 
angina could apparently not be related to a low cardiac output, nor was atherosclerosis a likely cause in a 
woman of 39 before the menopause. 

Case 8. Mrs. A. T. had an abrupt onset of angina in November, 1955, and exertional pain gradually 
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became a greater disability than dyspnoea. There was no family history of ischemic heart disease; she h: d 
not reached the menopause, was not thyrotoxic or anemic, and had not had any emboli. The bloc d 
pressure was 115/75. There were clinical and cardiographic signs of left ventricular enlargement althou; h 
the auscultatory signs indicated pure mitral stenosis with normal rhythm. The effort test was positive ai d 
the cardiac output was 10 litres a minute at rest, rising to 14 litres a minute after exercise. Valvotomy ws 
advised and at operation by Mr. Bromley in January, 1956, the valve was 2 cm. in diameter. It was split o 
3-5 cm. and after operation the dyspnoea was greatly relieved but angina persisted for two years befo-e 
finally disappearing. 

Comment. Angina was the chief complaint of this 43-year-old woman with a normal cardiac output ai d 
only moderate mitral stenosis. Whether it was due to coronary embolism or to premature coronary ather )- 
sclerosis cannot be proved. No note was made about the appearance of the left ventricle at operation. it 
is now routine practice to inspect the left ventricle, commenting on the size, the state of the myocardium, t ie 
presence of scars, and the appearance of the coronary arteries. However, it is possible to inspect only a 
portion of the exterior of the left ventricle at the time of operation, so by no means all infarcts are visible. 


THE EFFORT TEST 


Changes in the electrocardiogram provoked by exertion were investigated. Since digitalis 
effects may be exaggerated by effort and thus simulate changes caused by ischemia (Leibow and 
Feil, 1941; Scherf and Schaffer, 1952) and since most of our patients were having digitalis, the effort 
test only had a limited value in detecting or confirming myocardial ischemia. This test was per- 
formed on 54 patients, 41 of whom were taking digitalis. Positive effort tests were found in 
all of the 17 with angina, and in 7 of the 24 without angina. Thirteen patients were not taking 
digitalis: six of these had angina (four with positive effort tests), and only one of the seven without 
angina gave a positive result. Altogether 21 out of 23 patients with angina had positive tests and 
8 out of 31 patients without angina had positive tests (Fig. 7). 
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Fic. 7.—Relationship of results of cardiographic effort tests to anginal 
pain in 54 patients with critical mitral stenosis. Most patients with 
mitral stenosis and angina had positive effort tests, and most of those 
without angina had negative effort tests, whether or not they were 

taking digitalis. (Six patients with positive effort tests and no 

angina are discussed in the text.) (Dig.=digitalis.) 
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Only two of the last group of eight patients with positive tests but without angina were younger 
than 50 years of age. One, an Indian girl aged 26, who was not taking digitalis, had a strongly 
positive test (Fig. 8). She had critical mitral stenosis with tricuspid regurgitation and a cardiac 
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Fic. 8.—Case 8. Resting cardiogram and effort test in a woman of 26 years with critical mitral stenosis. 
The record at rest shows a dominant R wave in lead V1 with T wave inversion in all precordial leads, and 
S-T segment depression in leads V3 to V7 due to right ventricular hypertrophy and possible anterior 
ischemia. Left atrial enlargement is also seen. After effort there is gross S-T segment depression in 
leads VF, V1, V5, and V7 indicating a positive result. 


output of only 2-3 litres a minute, but a normal pulmonary vascular resistance. There was no 
history of pulmonary or systemic emboli. It is not possible to say whether the positive test was due 
to a myocardial fault resulting from rheumatic myocarditis, to “‘functional coronary insufficiency,” 
or to past coronary embolism. The other, a man of 30 years had unexplained slight left ventricular 
enlargement on clinical and cardiographic grounds, and a positive effort test. His cardiac output 
was normal clinically. There was no history of systemic embolism. Of the six patients aged over 
50 years, four were women, two of whom had a resting cardiogram suggestive of ischemia. All 
these older patients might have had coronary atherosclerosis to explain their positive effort 
tests. 

A positive effort test thus seldom provided the only evidence of cardiac ischemia, and a positive 
test was only considered valid if the patient was not taking digitalis, unless the S-T deviation on effort 
was gross (exceeding 2-5 mm.). 
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DISCUSSION 


Three possible factors that might cause myocardial ischemia in mitral stenosis were invest - 
gated: a low cardiac output, often but not always associated with a high pulmonary vascul: r 
resistance; occlusive coronary atheroma; and coronary occlusion due to embolism. 

A Low Cardiac Output. The cardiac output tended to be lower in the patients with angina tha 1 
in those without angina, averaging 2-7 litres a minute in patients with this symptom compared wi! 1 
4-1 litres a minute in those without it. The output was 3-7 litres a minute in Stuckey’s patien s 
with angina. However, there was a wide scatter which rendered this difference insignificant, and i 1 
fact 44 per cent of the patients with angina had cardiac outputs exceeding 4-0 litres a minute con - 
pared with only 39 per cent of those without angina. The mean pulmonary vascular resistance i 1 
the patients with angina and in those without angina was similar, being 5-1 and 4-5 units respectivel . 
We did not therefore consider a low cardiac output to be a cause of cardiac ischemia. 

Occlusive Coronary Atherosclerosis. This could have accounted for angina in some of the patien’s 
who were over 40 years old. Unlike aortic stenosis, mitral stenosis does not seem to confer any 
protection from coronary atherosclerosis. Scrutiny of the necropsy records of 50 cases of mitri| 
stenosis aged over 40 at the time of death showed an incidence and severity of coronary atherc- 
sclerosis that did not differ from that found in a similar number of patients with other diseases, 
matched for age and sex. No more than four or five of our patients aged over 40 therefore would 
have been expected to have angina due to this cause. Since mitral stenosis mainly affects young 
women, coronary atherosclerosis could be expected to account for angina only in a very small 
proportion. Having found no correlation between angina, pulmonary vascular resistance, and 
cardiac output, the cause of angina was unexplained in most of our patients. 

Coronary Occlusion due to Embolism. We have already commented upon the incidence of 
coronary embolism and have described four patients who survived infarction due to this. Not all 
had been seen during their acute illness, nor had they all suffered the classic severe pain of cardiac 
infarction, while the cardiogram did not always retain the stigmata of cardiac infarction. Patients 
with mitral stenosis often tell of “heart attacks” or “blackouts” which are variously and retro- 
spectively attributed to paroxysmal arrhythmias, pulmonary or other embolism (except coronary), 
oedema, or “syncope”’. : 

A retrospective diagnosis of coronary embolism is clearly difficult. Embolism and bacterial 
endocarditis might be expected to figure more often in the histories of patients who have had coronary 
emboli. Systemic emboli are apt to occur in showers in mitral disease, and indeed 21 per cent of 
the patients with angina had suffered emboli to other sites, compared with 12 per cent of patients 
who did not get angina. Sixty-two per cent of those with angina had permanent atrial fibrillation 
compared with 50 per cent of those without angina. 

The cardiograms of our patients with proven coronary emboli and classical cardiographic 
stigmata of infarction during their acute illness were sometimes no longer diagnostic of past infarction 
when viewed in isolation after as short an interval as a year later. Ventricular hypertrophy, atrial 
fibrillation, and digitalis effect tended to obscure the evidence of localized ischemia. Goodwin 
(1958) found that in certain circumstances the cardiographic picture of anterior cardiac infarction 
may be indistinguishable from that of right ventricular hypertrophy, and that an rS pattern in V5 
may conceal anterior cardiac infarction when there is right or combined ventricular hypertrophy. 
However, there were often hints such as considerable S-T segment depression or T wave inversio:! 
that was localized to a few unexpected leads such as the septal or posterior leads alone. Thes: 
changes were very suspicious, particularly when they were grossly augmented by effort (Fig. 5). 

Another sign that aroused suspicion was unexplained left ventricular enlargement. An infarc‘ 
large enough to cause a period of left ventricular failure with increased residual cardiac blood volum > 
stimulates myocardial hypertrophy. Left ventricular enlargement is well known in occlusiv> 
coronary artery disease with heart failure, and this response to dilatation might be greater when th: 
remainder of the coronary vessels are healthy, as in mitral stenosis. We have several times see | 
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left ventricular hypertrophy, in the absence of an associated aortic lesion or systemic hypertension, 
in patients with pure mitral stenosis in whom a localized area of fibrosis in the left ventricle was seen 
at subsequent valvotomy (Cases 4, 5, and 6). 

It is clearly difficult to prove coronary embolism retrospectively, but the later course of those 
fey patients whom we have seen at the time of their acute incident at least proves that the sequele 
may be angina, unexplained left ventricular enlargement, minor cardiographic changes easily 
m ssed or attributed to digitalis, a positive effort test, or a myocardial scar seen at operation. 

We therefore suggest that anginal pain in mitral stenosis may not infrequently be due to unsus- 
pe ted coronary embolism. Support for this belief has been received from Dr. David Lewes to 
w. om we are indebted for Case 2._ Dr. Lewes has since seen four other patients with mitral stenosis 
ar 1 coronary embolism. These cases are to be published shortly. 


SUMMARY 


The incidence of angina and the causes of myocardial ischemia in mitral stenosis have been 
st died. Twenty per cent of 194 patients with pure mitral stenosis of critical degree were found 
tc have angina. Coronary atherosclerosis, a high pulmonary vascular resistance, and low cardiac 
oi ‘put with relatively fixed coronary blood flow accounted for angina in only a minority of our 
p: ients with this symptom. In the remainder, coronary artery obstruction appeared to be the 
pi »bable cause. Four patients with non-fatal coronary embolism and one fatal case are described. 
E idence has been produced to suggest that embolic rather than thrombotic coronary occlusion may 
be the commonest cause of ischemic cardiac pain in mitral stenosis and that coronary embolism may 
be less rare than is commonly supposed. 


We are grateful to the following Physicians for permission to publish the records of their patients: 
D:. David Lewes for Case 2; Dr. Paul Wood for Case 3, and Dr. Hudson for the necropsy findings; Professor M. L. 
Rv senheim for Case 4; Dr. Howard Nicholson for Case 5; Dr. Kenneth Harris for the electrocardiograms of Cases 4 
ani5; Dr. Jane Somerville kindly told us of Case 3 and arranged for us to inspect the records. We thank Dr. John 
Goodwin for permission to publish the other cases, for suggesting the investigation, and for much advice. 
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The arterial hypertension that is found in the upper limbs in cases of coarctation of the aor a 
disappears in the course of a longer or shorter period after the excision of the stenosis (cit. Karne'l, 
1959). In recent years it has, however, been observed that during the post-operative period the 
blood pressure may rise to above the pre-operative level, a phenomenon that has been termed by 
Lepere (1957) reactive or paradoxical hypertension. Reactive hypertension is understood to mean 
the occurrence, after an operation for coarctation of the aorta, of a systolic or diastolic blood pressure 
exceeding that observed before operation, provided that this has been productive of demonstrable 
pulsation in the femoral arteries. This hypertension can be a serious complication. Having been 
confronted with several patierts who, following resection of a coarctation, have for this reason 
presented diagnostic and therapeutic problems, we have gone through the case histories of a number 
of children upon whom this operation has been performed, with special reference to the post- 
operative blood pressure levels. These findings are reported in this paper. 

It is difficult to obtain any clear impression of the frequency of reactive hypertension. It is 
not mentioned by Karnell (1959) in his thesis on the blood pressure before and after operation for 
coarctation of the aorta. Lepere (1957) describes it as occurring in 45 out of 61 patients (75%), and 
Sealy et al. (1957) in 21 out of 31 (68%). It is not possible to ascertain the sex distribution in 
Lepere’s material, but in Sealy’s group the male: female ratio was 4:1. As far as can be determined 
from this material, the age at operation does not appear to bear any relation to the occurrence of the 
complication. Of Lepere’s material, there was a raised systolic in 50 per cent of the patients with 
reactive hypertension and a raised diastolic pressure in 92 per cent, the average increases being 17 
and 16 mm. Hg respectively. By one month after operation the blood pressure was in all cases 
below the pre-operative level. Sealy et al. (1957) divide cases of reactive hypertension into one group 
showing “immediate hypertension”, occurring within 12 hours of operation, lasting about 36 hours, 
and comprising mainly a rise of systolic pressure; and a second group showing “delayed hyper- 
tension’’, where the rise in pressure begins about 48 hours after operation, lasts from 6-8 days, 
and consists mainly of an elevation of the diastolic component. Only the latter group, that is 
the patients with “delayed hypertension”’, is of any great clinical importance. 

Nothing definite is known of the etiology of reactive hypertension. Goodall et al. (cited by 
Sealy et al., 1957) have demonstrated a greater secretion of adrenalin during the post-operative 
period in patients operated upon for coarctation of the aorta than in those who had undergo 1e 
other operations, and this could suggest the influence of humoral factors. It is known from expe ‘i- 
mental physiology that unilateral renal ischemia can give rise to hypertension, and it is therefcre 
easy to imagine that renal ischemia could be the cause of reactive hypertension, but nothing of t! is 
nature has as yet been proved. Byrom and Dodson (1948) have, however, in experiments on t 1¢ 
rat, caused necrotic changes in the renal vessels by means of a local rise of pressure in the comm )n 
carotid artery, produced by the infusion of Ringer’s solution. 
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The course after operation for a coarctation of the aorta may further be complicated by the 
occurrence of abdominal attacks, which may arise in conjunction with reactive hypertension or as a 
separate entity (Grow et al., 1956). These attacks are characterized by the occurrence of abdominal 
pain, often accompanied by signs of ileus necessitating laparotomy, and occur a variable number 
of days after operation. They have been described by a number of authors, most recently 
by Gammelgaard and Friis-Hansen (1960), to whose paper reference should be made. Outside 
the intestinal canal other abdominal organs may be affected: hepatic and mesenteric arteries (Lober 
ard Lillehei, 1954), vessels in the bladder, adrenals, kidneys, and renal pelvices (Perez-Alvarez and 

dkerk, 1955), diaphragm, spleen, stomach, pancreas, liver, and abdominal muscles (Benson and 
Scaly, 1956; Sealy, 1953). Several of those authors who have described post-operative abdominal 
at acks mention also reactive hypertension (Hurt and Hanbury, 1957; and Downing et al., 1958). 

The microscopic changes found in the vessels of organs removed during these abdominal 
0] 2rations consist predominantly of necrosis of the arterial walls with neutrophil infiltration. In 
occasional cases it has been possible to demonstrate only thrombosis in the mesenteric vessels. 
S« veral authors (Benson and Sealy, 1956; Lober and Lillehei, 1954; Perez-Alvarez and Oudkerk, 
155; and Ring and Lewis, 1956) have found that the essential lesion is damage to the intima of the 
ar ery, probably due to overstretching of the intima followed by necrosis of the elastic lamina and 
th: media. This, in the course of time, leads to the development of ischemic changes in the corres- 
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by pc nding organs. However, Reid and Dallachy (1958) believe that on account of the sudden rise in 

an th» blood pressure a protective arterial contraction occurs in order to shield the intima, and that 
ure th» consequent reduction in blood flow leads to thrombosis in the vessels concerned. 

ble Of the complications that seem directly attributable to reactive hypertension, two of those 
ecn described by Lepere (1957) must be mentioned. In one case there was rupture of an aneurysm in a 
son hc motransplant, and in the other a subarachnoid hemorrhage. Both events occurred in relation 
ber to reactive hypertension, and both resulted in the death of the patient. 

ost- The management of reactive hypertension has been widely disputed. Lepere (1957) found no 

diference in the frequency of the occurrence of reactive hypertension in patients operated upon in 

It is hypotensive anesthesia, as compared with a group operated upon without this. Nor do we know 
for the answer to the question whether the condition should be treated in its early stages, and if so by 
and what means. Downing et al. (1958) think that reactive hypertension is a compensatory mechanism 
n in for ensuring the blood supply to the organs, and Reid and Dallachy (1958) consider that the arterial 
ined contraction acts as a protection to the capillaries, and that if such be the case then hypotensive 
F the therapy can be directly injurious. If, on the other hand, one allows the arterial contraction to 
with continue, there is an increased risk of thrombosis. In two of the patients described by Sealy et al. 
17 (1957) antihypertensive therapy had a beneficial effect on the abdominal pain, but the treatment 
cases itself is not without risk. Lepere (1957), for example, quotes a case where it resulted in cortical 
roup necrosis of the kidney, with anuria and irreversible shock leading to death. 

ours, 

yper- PRESENT MATERIAL 

days, Our material consists of those children with coarctation of the aorta who have been treated 
rat is since 1950 in the Department of Pediatrics, Rigshospital (operated upon by the staff of Surgical 

Units D and R) and since 1955 in the Dronning Louises Childrens Hospital. The two departments 

od by have co-operated in such a way that the older children have been admitted to Rigshospital, and the 
rative younger to the Childrens Hospital. In all, there have been 33 children, whose age distribution is 
rgo ie shown in Fig. 1. Of these 33 (comprising 11 girls and 22 boys) there have been 5 (2 boys and 3 
xpe i- § girls) in whom there was a post-operative rise in blood pressure to over the pre-operative level, that 
refcre § is an incidence of approximately 15 per cent. 
of t! is From the practical view point it was most frequently possible to measure only the systolic blood 
on t1¢ § pressure (by palpation). A measurement was made every 15 minutes during the first 48 hours after 
mm n 


operation, and thereafter the frequency depended upon the condition of the patient. 
Fig. 2 shows the range of blood pressures before and after operation of all those patients who 
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Fic. 1.—Age distribution of the patients. Each square represents one patient, 
and the cross-hatching indicates the occurrence of reactive hypertension. 








$B Aaa t LATER 


POSTOPERATIVE EXAMINATION 
DAYS 


. 2.—Post-operative course of the blood pressure. The two heavy dotted lines 
enclose the range of the post-operative blood pressures of the 19 patients 


over 6 years of age, in none of whom reactive hypertension occurred (see text). 
The blood pressures of the 5 patients with post-operative reactive hypertension 
are also shown, and marked individually with initials. 
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were over 6 years of age at the time of operation, in none of whom reactive hypertension occurred. 
When these blood pressures are plotted on a graph it is found that the curves follow a similar 
pattern, consisting of a moderate fall on the first post-operative day, followed by a slight rise usually 
lasting for about two days, and never reaching the pre-operative level. Thereafter there is a gradual 
fall to normal values. The starting point, i.e. the pre-operative blood pressure, naturally varies 
from case to case, but the curves are all similar. On the graph the upper level of the range represents 
tle values in the patient with the highest, and the lower level those in the patient with the lowest, 
p e-operative blood pressure (the other curves run parallel to and between these). The range thus 
represents the usual course of the blood pressure following operation for coarctation of the aorta. 
C1 the same graph the blood pressures before and after operation of the 5 children with reactive 
h pertension are also plotted. It can be seen that with a single exception the blood pressure rose 
tc above that observed pre-operatively within 24 hours. In the one exception the rise first became 
0 »vious On the second day, but in all the rise was considerable. 





CASE HISTORIES 


Case 1. H.P. (1210/59). A 2-month-old girl suffered from a cyanotic attack, with cough and dyspnoea 
t, o weeks before admission. On examination there was a precordial murmur, signs of heart failure, and 
n palpable femoral pulses. The blood pressure in the upper limbs (measured by the flush method) was 120 
d in the lower limbs 60 mm. Hg. Operation for excision of the coarctation was performed. There was 
poplasia of a 1-5 cm. long section of the aorta between the origins of the subclavian and common carotid 
eries. While the area was being dissected out cardiac arrest occurred, but the heart action was restored 
er the intracardial injection of calcium chloride and the institution of cardiac massage. The remainder 
the operation, consisting of excision and end-to-end anastomosis, was uncomplicated. The coarctation 
is found to have been nearly complete. The aorta was occluded for approximately 20 minutes. During 
operation the blood pressure lay in the region of 150/120, and at its conclusion was 160/110. After a fall to 
10-110 mm. in the first hour, it rose gradually over the course of the next six hours to 200 mm.., falling again 
in a further six hours to 130 mm. During the rise in pressure some twitching of the limbs was observed. 
Tue later course was uncomplicated, the blood pressure lying in the region of 130 mm. At follow-up, 9 
months later, the pressure had fallen to 100 mm. 

Case 2. H.N. (698/60). A 3-month-old girl, with Bonnevie-Ullrich-Turner syndrome, had not thriven 
aiter the age of 6 weeks and had been subject to cyanotic attacks. Examination showed a child with obvious 
signs of cardiac disease and in early failure. There was no palpable pulsation in the femoral arteries. The 
blood pressure in the upper limbs was 112 mm. (by palpation) and in the lower 86 mm. At operation, 
there was a large coarctation with a lumen of 0-5 mm. During dissection of the area cardiac arrest occurred, 
but the heart action was restored after the intracardiac injection of calcium chloride. The remainder of the 
operation proceeded without complication, the aorta being occluded for 35 minutes. The blood pressure 
during operation was 100/80, and at its conclusion 80/70. The post-operative condition of the patient was 
poor, the blood pressure rising to 185 mm. (by palpation). The child was pale above the level of the umbilicus 
and hyperemic below it, the skin being universally cold. The pressure gradually rose to 200 mm. in the 
next five hours, and then fell to 180 mm. in the following four hours. Two hours later it had fallen to 
160 mm., when death suddenly occurred. There had been a good diuresis with macroscopic hematuria. 
Necropsy revealed endocardial fibro-elastosis (the presence of which had been suspected from an angio- 
cardiogram), hypoplasia of the adrenal glands, arcuate kidney with double pelvis and ureter, and bilateral 
ovarian agenesis. Microscopy of the kidneys, spleen, liver, adrenals, pancreas, jejunum, superior mesenteric 
artery, and abdominal musculature showed these organs to be of essentially normal structure. 

Case 3. L. S. (1472/59). A 24-month-old girl had shown poor progress from birth and suffered from 
dyspneeic attacks. Examination revealed an ill child, in heart failure. The blood pressure in the upper 
limbs was 130-155 mm., and in the lower limbs 50-60 mm., by palpation. After treatment with digitalis, 
operation for the excision of the coarctation, which was found to be of the adult type, and ligation of a 
persistent ductus was undertaken. During the excision cardiac arrest occurred, the action being restored 
after intracardiac injection of calcium chloride, defibrillation, and cardiac massage. The remainder of the 
operation proceeded without complication, there being no signs of cerebral damage evident at its conclusion. 
During operation the blood pressure was 140/110, and at its close the pressure was 140/100. The aorta 
was occluded for 45 minutes. In the first 24 hours after operation the pressure rose to 180-190 mm., and in 
the second day to 220-210 mm. There was good pulsation in the femoral arteries, but the general condition 
of the child was poor, with slow twitching of the left limbs and the face, the abdomen being distended with 
a large amount of air. The condition remained unaltered during the first 48 hours, with continued spasms 
and unreactive pupils. On the supposition that these were due to hypertensive encephalopathy, an intra- 
venous infusion of trimetaphan camphorsulphonate (arfonad) was set up, and by means of this the blood 
pressure was reduced to 150 mm., but without any improvement in the clinical picture. As the serum 


zene Fe 





























































=_ = @eesemeeemeeet em me 8 tee 
‘ 




















<_<. Asm © 































































































374 INGOMAR AND TERSLEV 


electrolytes were found at this time to be at the lower limit of normal (serum potassium, 4-1 mEq./l.; seru:) 
sodium, 135 mEq./l.; serum chloride, 85 mEq./l.; and serum bicarbonate 22:5 M.mol.) water intoxicatic 
was considered a possibility, and an attempt was therefore made to improve the condition by the intraveno 
infusion of 20 ml. 25 per cent saccharose, without any obvious effect. However, after a further two days t! > 
condition gradually improved, and by the fourth day the blood pressure was stable at 140 mm. At follo, - 
up, 4 months later, the child was clinically normal, but the blood pressure was still 125/86 mm. 

Case 4. T. H. 753/60 (previously described in detail by Gammelgaard and Friis-Hansen, 1960). 
4-year-old boy had not exhibited signs of heart disease apart from some difficulty in walking. The blox 
pressure in the upper limbs was found to be raised (185/110 mm.) and there was no palpable femoral pi 
sation. Operation for the excision of a coarctation of the aorta proceeded uneventfully, the aorta bei 
occluded for 35 minutes. The blood pressure at the conclusion was 170 mm. by palpation. During t 
first 24 hours after operation the pressure lay at about 170-150, climbing on the second day to 190-200 mi :. 
There was good pulsation in the femoral arteries. For further details of the blood pressure see Fig. 2. T 
post-operative course was complicated by a transient albuminuria, without signs of urinary tract infectic 
which began on the second day, and further by a picture resembling ileus, which necessitated laparoton 
on the 17th day. Necrosis of a greater part of the ileum was found, and 70 cm. of ileum was resecte |. 
Histological examination of the specimen revealed a severe acute inflammatory process and eosinophill: :, 
pariicularly around the vessel walls, which were in places more or less degenerated. One week later furth 
laparotomy became necessary, owing to rupture of the wound, and an ileocceecostomy was formed. This 
was closed about two months later, after which the further course was uncomplicated. At follow-up, 6 
months later, the cardiac condition was satisfactory, but steatorrhecea was present, probably as a result of the 
extensive removal of small intestine. 

Case 5. P.E.E. (371/55). A boy, aged 4, had swelling of the left leg but no cardiac symptoms. Exami- 
nation revealed a soft systolic murmur over the precordium, maximal at the apex and transmitted into the 
back and audible along the spine, normal radial pulses, and weak pulsation in the abdominal aorta and right 
femoral artery: pulsation was not felt in the left femoral artery. There was slight cedema of the left leg. 
Palpatory blood pressure in the upper limbs was 200-230, in the lower limbs 140 mm. No cause for the 
cedema was discovered, but the diagnosis of coarctation was made, operation not being considered indicated 
at this time. The patient was readmitted two years later, with a history of increasing swelling of the left leg 
since discharge, the swelling now reaching the buttock. There was, in addition, slight functional dyspnea. 
His condition was unchanged apart from the now considerable cedema of the left leg. The blood pressure 
in the upper limbs was 230/130 and in the lower 145/110. Aortography visualized a coarctation: the pelvic 
and femoral arteries on the left side were slightly larger and more ramified than those on the right, and the 
veins were normal. At operation, no typical coarctation was seen, but immediately below the ligamentum 
arteriosum the aorta was found to be narrowed to one-third of its diameter above that level, and the width 
did not return to normal until on a level with the origin of the third intercostal artery. The-narrow portion 
was excised, and found to have a lumen of 1-2 mm. The aorta was occluded for 35-40 minutes. Histo- 
logical examination revealed hyalinization of the intima of the aortic wall. The blood pressure immediately 
after operation was 260 mm.: this rose during the first 24 hours to 310 mm., falling thereafter to 210 mm. on 
the fourth day. It again rose slowly, and by the ninth day was 260 mm. In the course of the first days the 
diuresis fell slowly and there was a simultaneous rise in the blood urea (3rd day; diuresis, 50 ml.; blood 
urea, 158 mg. per 100 ml.: 4th day; diuresis, 30 ml., serum potassium, 7-8 mEq./l.). This was thought to 
indicate the presence of tubular interstitial nephritis, occurring as a sequel to renal ischemia under operation. 
A caval drip was set up, and 50 per cent glucose infused. The diuresis rose slightly next day, and the serum 
potassium fell, but thereafter the diuresis again dropped and the blood urea increased, being 373 mg. per 
100 ml. on the seventh day. Twitching of the facial musculature was observed, and the chest films showed 
X-ray changes typical of a uremic lung. The patient was therefore transferred to the Dialysis Unit, 
Kommune Hospital, Copenhagen. Here, after a period of observation, there was thought to be insufficient 
indication for use of the artificial kidney, and the patient was transferred back to Rigshospital, where on the 
fourteenth day a further thoracotomy was performed. This revealed a thrombosis at the site of the previous 
anastomosis, and it was found necessary to remove a further 5 cm. of aorta, until a region having norm:l 
intima was reached. A piece of adult carotid artery was transplanted, but the patient died about twelve 
hours after operation. 

Necropsy. Apart from the changes in the aorta noted at operation there was much hypertrophy of t!e 
left ventricle. There were signs of an old infarct in the right kidney, and of recent infarcts in the left kidn y 
and spleen. Microscopical examination revealed no abnormality of the right kidney, but the left kidn:y 
showed extensive infarction of both cortex and medulla. In the periphery of the area of infarction there w is 
a region of hyperemia and hemorrhage. The area between infarcts was normal. 

Microscopical Examination of the Brain (Erna Christensen). The arterioles in the leptomeninges a: d 
brain substance show considerable hyalinization with thickening of the walls, but there are no thrombos:s 
despite areas of narrowing of the lumen. The arteries are normal. Some of the cortical ganglion ce !s 
show anoxic changes of varying degree, being swollen, chromophobic or atrophic. Diagnosis: cerebr il 
arteriosclerosis (hypertensive encephalopathy). 
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DISCUSSION 


In our case material of 33 patients, whose sex distribution corresponds to that usually found in 
coarctation of the aorta, i.e. male: female 2:1 (Wood, 1956), there were 5 in whom reactive hyper- 
tension occurred, an incidence of 15 per cent. All 5 were under six years of age and, indeed, 3 were 
less than one year old. Thus age does appear to play some part in the occurrence of reactive 
hypertension, perhaps in the fact that in the younger patients there has been insufficient time for the 
d-velopment of a collateral circulation capable of functioning during operative occlusion of the aorta, 
aid thereby preventing ischemia of the abdominal organs, particularly the kidneys. 

In 26 of the patients included in this material it was possible to ascertain the length of time for 
v uich the aorta was occluded at operation. This varied from 20-70 minutes, with an average of 

minutes, but it has not been possible to establish any relationship between the period of occlusion 
a d the occurrence of reactive hypertension (Fig. 3). The three youngest patients were realized 
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Fic. 3.—Number of minutes for which the aorta was occluded under operation in 


relation to the age of the patient in 26 cases (no information on this point was 
obtainable in the remaining 7 cases). 


to be poor operative risks, but operation was considered essential in view of the degree of heart 
failure. In all three, cardiac arrest occurred during operation, and renal anoxia is perhaps there- 
fore the most probable cause of the post-operative reactive hypertension. 

In Case 2 there was polyuria and hematuria in the post-operative period, but no signs of renal 
damage were visualized at necropsy. This, however, does not exclude the possibility that there 
were, at some period, vascular changes in the kidneys sufficient to produce reactive hypertension. 
In Case 4 there was post-operative albuminuria and so, here also, there is the possibility that renal 
vascular changes were the cause of the reactive hypertension; the vascular changes found in the 
gangrenous intestine serving to strengthen this view. In Case 5 we think that the vascular changes 
in the kidney (or kidneys?) were due to ischemia occurring during operation, probably when the 
clamps were removed from the aorta, when the sudden rise in the pressure of the blood arriving in 
the region of the kidneys resulted either in primary capillary damage or else in a primary contraction 
of the arterioles, changes that were followed by a secondary thrombosis; and that these changes were 
the reason for the reactive hypertension. In Case 3 we have been unable to demonstrate any urinary 
tract changes. The water intoxication might be considered as a possible causative factor, but the 
patient did not appear to benefit from treatment designed to combat this. In Case J] we have no 
explanation for the reactive hypertension, except the possible occurrence of renal anoxia. 
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Post-operative reactive hypertension is of no little significance, especially in very young patient: 
and we think that it was an important contributary cause of death in Case 2. The sudden rise in th 


blood pressure could have put such a severe strain on the heart, already affected by fibro-elastosi:. 


that cardiac arrest occurred. 


With reference to the prevention of post-operative reactive hypertension it seems probable th 
the period of occlusion of the aorta, especially in small children, should be reduced to the minimu: 
although we have been unable to demonstrate this in the present material. Probably, however, it 
even more important that the release of the aortic clamps after anastomosis should be much slow 
than is at present considered necessary, in order to avoid any sudden rise in pressure in those regio 
of vascular supply (particularly the kidneys, spleen, and intestine) that have previously been subje 
to hypotension. There is no evidence that prophylactic hypotensive therapy is of any value. 

Finally we believe that, in order to diagnose reactive hypertension, it is important to institute 
the post-operative period, in addition to a control of the blood pressure, a system of freque 


L 


= 


examination of the urine for erythrocytes and albumen (to detect vascular changes in the kidneys), 


the peripheral blood for leucocytosis (reaction to infarction), and electrolyte balance (water intox 


cation), and the feces for blood (intestinal infarction). 


SUMMARY 


An account is given of the post-operative course of the blood pressure in 33 children (aged 2 
months-13 years) operated upon for coarctation of the aorta. Five of these (15%) developed 
reactive hypertension, defined as a post-operative rise in blood pressure to above the pre-operative 
level. In one of these patients the reactive hypertension was presumably of renal origin, and in two 
others urinary symptoms pointed to a similar causation. The etiology and pathogenesis are 
discussed, and from the prophylactic viewpoint it is recommended that the release of the aortic 


clamps after anastomosis be very slow. 
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The efficacy of mitral valvotomy in the relief of critical mitral stenosis is not in doubt. It has, 
h wever, been noted that lesser degrees of mitral stenosis may not prevent survival to an 
o lage. The influence of operation on the overall long-term prognosis of patients with mitral 
st nosis will be determined only by comparing the prognosis of medically treated patients with that 
0 those subjected to surgery. There has been recent demand for such a comparison (Annotation, 
L ncet, 1960). A prospective study of this type is very difficult, but it was thought that a retro- 
sj ective study in which the prognosis in a surgically treated group was compared with the reported 
pi ognosis of medically treated groups might be of value. In this paper the prognosis of a group of 
p tients subjected to mitral valvotomy is compared with that of three medically treated groups 
w th mitral stenosis reported by Grant (1933), by Olesen (1955), and by Rowe et al. (1960). 


RESULTS IN GROUP TREATED SURGICALLY 


Six hundred and twenty-six patients have had mitral valvotomy in this hospital up to May 1959, 
but the 28 who were pregnant at the time of operation were excluded from this series. The results 
of the remaining 598 have been compared with the medically treated series of Grant, of Olesen, 
and of Rowe et al. 

Of the surgically treated series, 77 per cent were women. The average age of the patients was 
33-8 years and the ages varied from 15 to 63 years. Atrial fibrillation occurred before operation 
in 27 per cent of them. Their disability placed 24 per cent of them in Grade IV, 53 per cent in 
Grade III, and the remaining 23 per cent in Grade II (New York Heart Association Classification 
1946). 

Clinical signs thought to indicate some degree of associated mitral regurgitation were found in 
15 per cent. At operation palpable mitral reflux was felt by the surgeon in 14 per cent. Nine per 
cent were thought to have the early diastolic murmur of aortic regurgitation, but few of these had 
peripheral signs of this. Right ventricular hypertrophy (Milnor, 1957) was present in 23 per cent 
and the Graham Steell murmur of pulmonary regurgitation in 15 per cent. Eight per cent had 
preoperative embolism—19 per cent of those with atrial fibrillation before operation and 5 per 
cent of those in sinus rhythm. 

The operation performed in the majority of cases (61°%) was finger fracture of the valve. If this 
proved unsuccessful the valve commissures were divided with a valvotome (31°%) or, more recently, 
with a transventricular dilator (Logan et a/., 1959) (8°%). The later patients have had more effective 
operation. In the first hundred patients of the series, only six had both commissures divided to 
the valve ring, and in the last hundred the figure was forty. 13 per cent of patients were thought 
by the surgeon at the time of operation, or clinically six months after operation, to have had a 
degree of traumatic mitral regurgitation: in the majority this was slight. 

Operative mortality rate was 4-2 per cent. This was highest in a small group of patients in 
377 
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intractable congestive failure (17%). Mortality rate was also high in patients with electrocardi: 
graphic evidence of right ventricular hypertrophy (7:5%%). Operative mortality was nil in patien ; 
aged under twenty years and 1-6 per cent in patients with functional disability of Grade II. 

Embolic episodes occurred during or immediately after operation in 4 per cent of the patients- - 
more often (11°%) in those with atrial fibrillation than in those with sinus rhythm (2%). The ri: 
was greatest in patients with a previous history of emboli. 

In the series 7 per cent required repeat operation, and four patients have had three operation : 
17 per cent of those undergoing a second valvotomy had at the first operation at least one commissu 2 
split to the valve ring. The mortality rate of repeat valvotomy was 6 per cent. 

The results of operation as assessed at post-operative review are summarized in Fig. 1. Th s 
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Fic. 1.—Histogram showing the percentage of patients in different clinical groups 
at the post-operative reviews (six months and then yearly). 
G1 Clinical Grade I G4 Clinical Grade IV 
G2 Clinical Grade II GS Dead 
G3 Clinical Grade III G6 Repeat operation performed. 


shows the percentage of patients in the various grades of functional disability (Grades I-IV, New 
York Heart Association classification), the percentage who required a repeat operation, and the 
percentage who died. It is seen that the percentage of patients remaining in Grade I or II functional 
disability gradually decreased, while the number who have died or have required a repeat operation 
gradually increased. 

It was found, as expected, that younger patients did better than older patients, that tho 
with sinus rhythm did better than those with atrial fibrillation, and that patients with severe pr 
operative disability did not do as well as those less severely incapacitated. Inadequate splittii 
of the valve cusps and mitral cusp calcification were also associated with a less good prognosis. 
was noted that 62 per cent of the patients with electrocardiographic evidence of right ventricul 
hypertrophy developed normal cardiograms and 73 per cent of those thought to have pulmona: 
regurgitation lost the Graham Steell murmur. 
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COMPARISON WITH MEDICALLY TREATED SERIES 


Grant (1933) observed the prognosis of 1000 medically treated patients with heart disease ov r 
a ten-year period (1920-1930). From this study it is possible to trace the prognosis of 321 patien s 
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who had mitral stenosis (with or without a minor degree of aortic regurgitation) and at the beginning 
of the follow-up corresponded approximately to Grades II, III, and IV of the New York Heart 
Association. Olesen (1955) followed 351 medically treated patients with mitral stenosis for periods 
of up to twenty years, starting from 1933. More recently, Rowe et al. (1960) have reviewed the 
prognosis of 250 medically treated patients with mitral stenosis over a period of ten to twenty years, 
starting from 1925. In both these series the criteria used in disability grading corresponded approxi- 
mately to the grading of the New York Heart Association. It is apparent that comparisons of 
di‘‘erent series are difficult to evaluate because of the difficulty in obtaining exactly comparable 
groups. 

Prior to the introduction of mitral valvotomy the assessment of the degree of mitral regurgitation 
as ociated with mitral stenosis was not considered so important. Because of this many patients of 
th: medically treated series of mitral stenosis may have had a significant degree of mitral regurgita- 
tic1. A source of error in comparing Grant’s series with a surgically treated group is that this 
m: lically treated series was composed of ex-servicemen who were being assessed for disability 
pe sions. These patients may have exaggerated their symptoms with resultant classification in 
hi; her grades of disability. Another factor complicating comparison is the fact that the prognosis 
of nedically treated patients is gradually improving (Hall et al., 1958). 

Table I compares the composition of the present series with those of Grant, Olesen, and Rowe 


TABLE I 
COMPARISON OF PRESENT SERIES WITH THE SERIES TREATED MEDICALLY 





| | 
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Grant | Olesen | Rowe | Present 
(1933) (1955) | etal. j series 
| (1960) | 
Sex: Men oe fe re « | te, | az 22:4% 23°, 
Women oe - os a — 67°5% | 17 | 17% 
Mean age (years) od a - a2 S| 41-5 | 32 | 33-8 
| approx. | 
Rhythm: Sinus .. st - . | ee} oe lO 
Atrial fibrillation .. i iT? | SH | we | Ws, 
Disability: GradesIandII .. on 3% | wy 89% 23% 
Grade III .. = - S97 | BA 10% $37, 
Grade IV .. - a 8% | 20% ty 24% 
Right ventricular hypertrophy in EC. | Fy ing |  25r 





* Right axis deviation. tT Milnor’s criteria. 

et al. with regard to sex, mean age, rhythm, disability, and electrocardiographic evidence of right 
ventricular hypertrophy. Grant’s series is similar to the present series as regards mean age, but 
they are all men and the incidence of atrial fibrillation is somewhat lower and the incidence of 
patients in Grade IV disability much lower. Olesen’s series and the present series are similar but 
in Olesen’s series the mean age is higher and the incidence of atrial fibrillation is much higher. The 
series of Rowe et al. is similar to the present series with regard to sex, age, and rhythm, but the inci- 
dence of patients in Grade IV disability is very small. 

Fig. 2-7 compare the prognosis of the medically treated series with that of the surgically treated 
group. In Grades I and II the surgical results were somewhat better than the medical results, 
(Fig. 2), in Grade III they were better (Fig. 3), and in Grade IV they were very much better (Fig. 4). 
Fig. 2 shows the percentage survival of surgically treated patients whose functional disability before 
operation was Grade II in comparison with two of the medically treated series, who at the time 
their follow-up study was started had a similar degree of disability. It will be seen that after six 
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Fic. 2.—Survival rate of patients in Grades I and 
II initially, in years of follow-up, comparing 
the present series with the series of Grant and 
of Rowe et al. 
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years 92 per cent. of the surgically treated series survived, whereas 83 per cent of Grant’s series an | 
58 per cent of that of Rowe et al. survived. 
Fig. 3 shows the percentage survival of surgically treated patients who before operation were 1 
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Fic. 4.—Survival rates of patients initially in Grade IV, in 
years of follow-up, comparing the present series with 
the series of Grant and Olesen. 
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YEARS AFTER OPERATION 


Fic. 3.—Survival rates of patients initially in Grade III, in years 
of follow-up, comparing the present series with the series 
of Grant, Olesen, and Rowe et al. 


functional disability Grade III in comparison with the medically treated patients who had initially 
a similar degree of disability. After eight years 61 per cent of the surgically treated series 
survived, compared with 55 per cent of Grant’s series, 42 per cent of Olesen’s series, and 20 per cent 
of the series of Rowe et al. 

Fig. 4 shows the percentage survival of surgically treated patients whose functional disability 
before operation was Grade IV, in comparison with two of the medically treated series who initially 
had a similar degree of disability. After seven years 73 per cent of the surgically treated series 
survived compared with 17 per cent of Grant’s series and 7 per cent of Olesen’s series. 





PRESENT SERIES 


2 
So 
i 


> 
o 


*——— GRANT'S SERIES 


AEROLNWTACE LW GRADES fb fT 
Ss 








2 3 a é 
YEARS AFTER OPERATION 


Fic. 5.—Percentage of patients in clinical Grades 
and II in the years of follow-up, comparing th« 
present series with Grant’s series. Only patient: 

initially in Grades I and II are considered. 
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Fig. 5 shows the percentage of patients in functional disability Grade I or II at the review exam- 
inations. Patients treated surgically with functional disability Grade II before operation are com- 
pared with Grant’s medically treated patients who at the start of his follow-up study had a similar 
degree of disability. The two curves are similar, and after six years 60 per cent of both were in 
functional disability Grade I or II. The small difference between the two curves may be due to the 
fa t that all patients in functional disability Grade II treated surgically had some additional evidence 
to suggest high grade mitral stenosis—increased hilar vascularity or electrocardiographic evidence 
of right ventricular hypertrophy—and so were generally in a more advanced stage of the disease 
th in the patients in Grant’s series. 

Fig. 6 shows the percentage of surgically treated patients in Grade III before operation whose 
gi ding had improved to Grade I or II at the various post-operative reviews. At six months 90 
p: ‘cent were in Grade I or II but after eight years only 22 per cent. No patient in Grant’s series 
in tially Grade III improved in grading during the period of medical follow-up. 

Fig. 7 shows similarly the percentage of patients with functional disability Grade I or II at the 
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Fic. 6.—Percentage of patients who were initially in clinical Fic. 7.—Percentage of patients initially in clinical 
Grade III, in Grades I and II in the years of follow-up Grade IV, in clinical Grades I and II in the 
in the present series. No comparable patients in years of follow-up in the present series. No 
Grant’s series were classified as being in clinical camparable patients in Grant’s series were 
Grades I and II in the follow-up period. classified as being in clinical Grades I and II 


in the follow-up period. 


review examinations of surgically treated patients who had a functional disability Grade IV before 
operation. After seven years 45 per cent are in clinical Grade I or II. No patient in Grant’s series 
initially in Grade IV improved sufficiently to be classified as in Grade I or II. 

Apart from the prognosis in terms of survival and of functional disability it is of value to compare 
the incidence of embolism during the follow-up period in the surgically treated patients with that 
in medically treated patients. In the present series, the incidence of embolism following operation 
was small, being 1-8 per cent of 1681 patient years. In Bannister’s (1960) study of patients in whom 
valvotomy was deferred the incidence was 4-9 per cent in 472 patient years. Atrial fibrillation was 
present with equal frequency in both groups (28° in Bannister’s series; 27°% in the present surgically 
treated series). 


SUMMARY 


The results of mitral valvotomy in a series of 598 patients have been compared with the reported 
follow-up states of patients with mitral stenosis treated by medical measures. The difficulties of 
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such a comparison are noted. The comparison does, however, indicate that patients submitte i 
to surgery have a much better outlook regarding both survival and restoration to reasonably norm | 
health. 


The patients in the present series were under the care of Dr. J. F. Pantridge to whom I am indebted for help. 
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No survey of the pattern of heart disease in the Sudan has hitherto been made. As would be 
e» sected, such lesions as syphilitic aortitis and endomyocardial fibrosis (O’Brien, 1954) are seen 
qi ite often. Nevertheless, the most striking feature is an extremely high incidence of rheumatic 
heart disease. There is little doubt that this is unusual in African territories. For example, 
A nott (1959), as a result of extensive tours of the continent, concluded that “rheumatic heart 
di.ease, as judged by the frequency of mitral stenosis, was relatively rare.” Again, in neighbouring 
U zanda, Williams et al. (1954) found rheumatic lesions in only 7 per cent of 231 autopsies made on 
p: tients dying from cardiac causes. A later report from the same country (Shaper and Williams, 
1°60) showed a rather higher incidence (139%) among 712 cardiac cases admitted to Mulago 
Hospital. In this paper we have analysed 958 consecutive cases of heart disease investigated in 
Khartoum over a three-year period from 1957; 243 of these (25°%) had rheumatic disease (Table I). 














TABLE I 
ANALYSIS OF 958 CARDIAC CASES INVESTIGATED IN KHARTOUM DURING THE YEARS 1957-1960 
Cardiac | Congenital | Syphilitic | Hyper- Ischemic | Pulmonary Endomyo- | Rheumatic} Méiscel- 
disorders | | aortitis | tension heart heart cardial heart laneous 
| | | disease disease fibrosis | disease | 
Percentage | | | | 
oftotal | 3-7 | 60 | 444 12-6 20 | 32 | 254 | 27 
| | | 











An increasingly high proportion of mitral stenosis in the Sudan has been apparent to one of us 
(A.M.H.) for several years. In 1937, an analysis was made of 100 consecutive cases of heart 
disease admitted to Khartoum Hospital: 80 had cardiovascular syphilis, and only 3 had mitral 
stenosis. Ina paper read before the Sudan Branch of the British Medical Association, Dr. Dawood 
Mustafa (1945) described 66 cases of heart disease admitted to Omdurman Hospital in a six-month 
period. Of these, only nine (14°%) were rheumatic. Apart from these two isolated studies, no 
reliable statistics are available up to the beginning of the present survey in 1957, but it would seem 
that rheumatic heart disease is increasing. 

Autopsies are few and far between in a predominantly Muslim community such as this. In fact, 
it has only been possible to obtain post-mortem confirmation of the lesion in 39 of the 958 cases 
reviewed here. Diagnosis has been made on clinical, radiographic, and electrocardiographic 
grounds. In some instances the differential diagnosis between endomyocardial fibrosis and rheumatic 
mitral regurgitation has been impossible to make with certainty: these amounted to a total of 37 
case, and it was decided to exclude them altogether, so they are not among the total of 958 cases 
reviewed. 
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During the last year of the three-year period covered, 20 patients with mitral stenosis ha‘ e 
undergone valvotomy. One of these had an aortic valvotomy performed at the same time. T! 2 
pathological changes in the mitral valves were in all cases similar to those previously encountered | y 
one of us (J.E.J.) in Great Britain. There is therefore no reason to suppose that we are dealing wi 4 
a different disease. Six of these valves were found to be calcified to a varying degree. In fourte: 1 
cases a good split was obtained by finger fracture; in the other six a mechanical dilator was used | y 
the transventricular route (Logan and Turner, 1959). The average age of these patients was 0 
years. Three of them had detectable regurgitation; in another, Grade I regurgitation was produc: d 


by operation. 


AGE AND SEX INCIDENCE 


A notable feature was the early age at which patients presented with symptoms due to chror c 
rheumatic heart disease (Fig. 1 and Table II). In England the average age is 37 years (Woo1, 
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Fic. 1.—Curve showing age distribution among 243 patients with rheumatic heart disease. 


1956); in our series it is 27 years. This corresponds closely with the earlier presentation noted in 
Uganda (Shaper and Williams, 1960) and in Nigeria (Beet, 1956). The progress of the disease is 
probably even more rapid than these mean ages would suggest. Diagnosis is most probably made 
at an earlier stage in England, and only two of our cases of mitral stenosis were symptomless. 

A history of rheumatic fever could be obtained in 74 per cent of the 243 cases. A further 8 per 
cent gave a history of recurrent tonsillitis, and 0-9 per cent of repeated epistaxis (Levine, 1945). 
Frequently, a satisfactory history was not obtainable. A preponderance of our patients (58° ,) 
were female. This proportion corresponds closely with the sex ratio in America and Euro e 
(White, 1951). 


GEOGRAPHICAL DISTRIBUTION 


While these patients were drawn from all parts of the Sudan, difficulties in communicatin 
made the proportion attending from the extreme Southern Provinces less than would >e 
representative. Nevertheless, in a recent short tour of the provinces of Equatoria and Bahr-] |- 
Ghazal many examples of rheumatic heart disease were encountered. One of these, a woman, is 
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RHEUMATIC HEART DISEASE IN THE SUDAN 


TABLE II 


AGE DISTRIBUTION AMONG 243 CASES OF RHEUMATIC HEART DISEASE 





Acegroup .. .. .. ..| O89 | 1019 | 2029 | 3039 | 4049 | sot 
o 9-8 Bao eo eee ee ee 


| | 





Pecentage in each 





TABLE III 


DISTRIBUTION OF LESIONS AMONG 243 PATIENTS WITH RHEUMATIC HEART DISEASE 





Valvular Mitral | Mitral | Mitral Aortic Aortic 





lesion | stenosis | regurgitation stenosis disease + mitral 
| (regurgitation disease 
| regurgitation | and/or 
| | stenosis) 
Me. ger seen «Ge 39% | 155% } 265% | 9% | 10% 


| | 





n luded in the survey; she was the only patient so far to reach Khartoum for operation. Only a few 
p< tients with what was probably endomyocardial fibrosis were examined, although syphilitic 
ac rtitis appeared to be a very common disease. We mention this because these parts of the Sudan 
acjoin Uganda, where the incidence of rheumatic disease is lower than that of endomyocardial 
fitrosis (Williams et al., 1954). In Tanganyika, the latter disease is uncommon (Turner and 
Manson-Bahr, 1960). Yet these three territories have many climatic, racial, dietary, and social 
characteristics in common. 


VALVULAR LESIONS 


The distribution of the types of rheumatic lesions is shown in Table III. Mitral stenosis was the 
commonest lesion (72:5°%) and was the sole finding in 39 per cent. It was associated with mitral 
regurgitation in 26-5 per cent and with aortic valve disease in 7 per cent of cases. Pure aortic 
disease occurred in 9 per cent. The 15-5 per cent with mitral regurgitation as the predominant 
lesion all gave an unequivocal history of acute rheumatism. As mentioned above, when 
differentiation between rheumatic heart disease and left-sided endomyocardial fibrosis could not be 
made the case was excluded from the series. Bacterial endocarditis was present in 5 per cent. 
Finally, 13 per cent showed atrial fibrillation. 

Apart from this survey, it is known that admissions to Khartoum Hospital for acute rheumatism 
have increased considerably in the last few years. In these patients the malady appears to be quite 
typical, with high anti-streptolysin-O titres. We are at present engaged in a follow up study with the 
aim of determining whether or not the increase in rheumatic heart disease is progressive. 


SUMMARY AND CONCLUSIONS 


Of a total of 958 patients with cardiac disorders investigated at Khartoum Hospital over a 
recent three-year period, 243 (25°), were suffering from rheumatic heart disease. Twenty of 
these patients have been operated upon, typical valvular lesions being found. The relative incidence 
was considerably higher than has been reported from other parts of Africa. It appears almost 
certain that there has been a real increase over the last twenty years. 


We would like to thank the Director, Medical Services, Dr. A. A. Zaki, and Professor Julian Taylor, Head of the 
Department of Surgery, University of Khartoum, for permission to publish. We also thank those physicians at 
Khartoum Hospital who have co-operated in this survey. 
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This study attempts to record the forms of heart disease found in the elderly African. In this 
aj2 group one might expect coronary arterial disease, but it is said to be rare in the African—an 
al eged rarity that might be due to a different clinical picture in the African. Coronary disease 
m ght be overlooked if it were painless, but cardiographic changes would still be present. That 
th s may be so has perhaps been suggested by Williams and Shaper (1960) who in their study on cardiac 
disease in Uganda refer to nine cases of arteriosclerotic and degenerative heart disease in their 
se ies: among them were six elderly Africans with congestive cardiac failure associated with cardio- 
gr iphic changes highly suggestive of myocardial ischemia or old infarction, although no pain had 
bcen mentioned by the patients. 


METHOD OF STUDY 


Material. For the purpose of this study Africans thought to be 60 years old and older were 
considered to be elderly. The assessment of age was only approximate, as few Africans of this 
generation know their date of birth. 

Salisbury is a large industrial centre, and therefore most of its African population consists of 
men between the ages of 20 and 40 years. Consequently far fewer elderly people are seen and they 
come almost entirely from the districts of Mashonaland and not infrequently even from as far 
afield as Portuguese East Africa and Nyasaland. 

The findings presented in this paper do not necessarily appertain to other African countries. It 
is hoped that the conclusions drawn may serve as pointers as to what may be the cardiac pattern in 
the elderly African. None of the patients could be described as educated: they were all of a gene- 
ration that is still essentially Bantu in outlook and tradition. A feature common to all was their 
poverty, and since they were also old they were not able to earn or afford an adequate diet. Many 
were thin and showed certain features of malnutrition, particularly noticeable being a pellagroid 
dermatosis (Fig. 1). The possible significance of this feature will be mentioned later. 

Procedure. Every African from the age of 60 admitted with cardiac disease was included in this 
series. Cardiac disease was diagnosed where signs attributable to failure were found or damage to 
the heart was revealed by an increase in its transverse diameter on X-ray or by certain cardiographic 
changes. The presence of extrasystoles or of a soft systolic murmur without other signs or symptoms 
was not regarded as significant. 

This series included 70 elderly Africans found to have cardiac disease. As a rule it was easy to 
decide whether or not the patient had heart disease, but it was not easy to determine the underlying 
pathology. Syphilitic aortic regurgitation was diagnosed on a positive Wassermann reaction. 
Hypertension was diagnosed if the systolic pressure was 180 mg. Hg or over, and the diastolic 
pressure 110 mg. Hg or more. Cases with atrial fibrillation were placed in a separate category, 
unless there was a known cause to account for it. Some of these, so separated, may have been 
examples of cardiomyopathy, but it was decided not to classify them under this heading since 
387 
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Fic. 2.—Severe cedema is quite often a feature in the 


Fic. 1.—An elderly African who is thin and ema- 
African, as it is in this man. 


ciated and has a pellagroid dermatitis. 


atrial fibrillation is an unusual feature of this condition. This study did not include autopsy material 
owing to the difficulty of obtaining permission for this. 

Included in the term idiopathic cardiomyopathy were probably a number of cardiac affections 
by no means easy to define, such as sub-endomyocardial fibrosis, nutritional heart disease, and 
cardiovascular collagenosis with parietal endocardial thrombosis. The fibrotic manifestation 
found in Rhodesia is rarely as severe or as extensive as that recorded by Davies and his colleagues 
in Uganda, and is more akin to that reported by Gillanders (1951) and others in the Transvaal. 
As a nutritional cause has not yet been demonstrated, I have avoided this term and would prefer 
to refer to the condition as idiopathic cardiomyopathy or even as obscure heart disease. 

In Rhodesia the macroscopic findings of the heart in idiopathic cardiomyopathy are often 
minimal, but a careful examination of the endocardial surface of the chambers often yields high'y 
suggestive evidence of its presence (Gelfand, 1958) and conforms more to the cardiomyopathy of 
Gillanders (1951) in the Transvaal. The heart is slightly or moderately enlarged, mostly due ‘o 
dilatation for hypertrophy is generally slight. A small effusion commonly fills the pericardial sac. 
It is, however, when the heart is opened that suggestive signs are to be found on the endocardial 
surfaces. The essential feature is a thickening or dulling of the endocardium in the early phases, b :t 
in more advanced phases it stands out clearly as a white opaque patch of fibrous tissue of varyi''g 
size. The lesion is located mostly at the apex of the left ventricle, the interventricular septum, t \¢ 
chorde tendiniz, the papillary muscles, or on the mitral or tricuspid valve cusps themselves. T1 is 
effect is much less often met with in the endocardium of the right ventricle and right atrium. A 
thickened and finely rugose appearance of the endocardium of the left atrium, not unlike that fou: d 
in chronic rheumatic carditis, is a fairly common feature of the cardiomyopathy seen in Rhodes 1. 
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Another characteristic finding is the presence of ante-mortem thrombus that is adherent to the affected 
perts of the endocardium. These thrombi vary much in size and vintage, even in the same case, and 
are firmly attached to the endocardium, seldom separating off with embolization. 


FINDINGS 


Heart disease proved to be an important cause for the admission of elderly patients to hospital, 
for out of 69 Africans of from 60 years onwards, 31 (45°%) showed an affection of the heart. Of the 
7( consecutive subjects with heart disease, 51 men and 19 women, the conditions diagnosed are 
st own in Table I. Of the 70 subjects studied in this series, eleven were 70 years and over and the 
te t below. None appeared to be over 75 years. 


TABLE I 
Types OF HEART DISEASE 














Type of disease | Men Women| Total number Below 70 | 70 and over 
and percentage Men Women|; Men Women 

in brackets 
Id ypathic cardiomyopathy ea pe . 6 25 (35-7) = 6 | 5 0 
H_ pertensive heart disease ae ~~) ae > 21 (30) 1 —— 3 1 
Sy vhilitic heart disease = xc 9 1 10 (14-4) 8 ay a 1 0 
At ial fibrillation . . 8 es ss 4 4 8 (11-4) 3 4 | 1 0 
Vc lvular (rheumatic) heart disease re 2 2 4 (5:7) | 2 1 0 1 
C: cific mitral regurgitation és 0 I 1 (1-4) 0 ... on 0 
Ccr pulmonale with silicosis 1 0 1 (1-4) 1 0 0 0 
DNR go ae BS dh 19 | 70 | 41 17 | 10 2 

| 

DISCUSSION 


The clinical picture of congestive heart failure in an elderly African differs little in the main from 
that of the European, except in the degree of oedema and the frequency of ascites. Asa rule a good 
history can be obtained. It is true many patients only refer to swelling of the feet and do not men- 
tion breathlessness. This is because they are more concerned about the swollen legs. When 
questioned, a clear account is given of breathlessness on exertion and some also mention nocturnal 
dyspnoea. Many refer to a pain or discomfort in the chest just above the epigastrium but the pain 
is vague and can usually be related to the strain of coughing. 

The degree of edema in many Africans with congestive heart failure is much greater than in 
Europeans, largely, I believe, because they are admitted so late in the course of the disease (Fig. 2). 
There may be other factors. Firstly, the swelling in the lower extremities may be more pronounced 
because of an hepatic cirrhosis, which may be of the cardiac type or the more usual form known as 
septal or even the less frequent post-necrotic scarring. It is quite likely that in some of the patients 
the cirrhosis is both cardiac and non-cardiac at the same time. If the picture is complicated by 
cirrhosis of the liver there is generally a reduction in the albumin fraction, which may also account for 
some of the edema. In a few patients there may be a thiamine lack. While the edema may be 
pronounced in the lower extremities, it is surprisingly slight on occasions despite the presence of 
gross ascites and hepatomegaly (Fig. 3). This patient was admitted in congestive failure due to 
aortic and mitral valve disease, and had a large heart, but despite the ascites the ankles were not 
swollen: the total serum proteins was 7-4 g. and the albumin fraction 4-8 g. per 100 ml. 

Not only is edema greater in many Africans, but ascites too seems more common and often is so 
pronounced that we sometimes have to tap our cardiac subjects (Fig. 4 and 5). In this series of 70 
subjects with cardiac disease, 51 had cardiac failure and 14 of them (27°%) showed a moderate or 
severe degree of ascites with distended abdomens. The causes of the ascites may-be the same as 
those of the oedema. 
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Fic. 3.—African woman with congestive 
heart failure, with gross ascites but 


no cedema of the ankles. 
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Aetiology. According to Wood (1956) ischemic and hype~- 
tensive heart disease are the two most frequent forms met wi 
in the elderly European. Of subjects with ischemic disea:: 
70 per cent are seen between the ages of 50 and 70 years of ag , 
and the peak age incidence of death is 60 years. Atleast 80 p 
cent of hypertensive subjects are found to be between the ag ; 
of 40 and 70 years, with a peak period between 50 and 59 yea: . 
Cor pulmonale seems fairly common in the elderly Europe: 
as 75 per cent of subjects with this disorder are over 50 years 
age. Rheumatic valvular heart disease is not often seen in tl 
age group. Wood mentions that mitral stenosis is infreque 
over the age of 50 and less than 10 per cent of cases of aori c 
regurgitation are encountered after that age. It is possibe 
that syphilis still accounts for a certain number of cases b-- 
tween the ages of 40 and 60 years but over the age of 60 it 
seems to be rare in Europeans. 

A careful study was carried out in India by Vakil (1954), 
who demonstrated much the same pattern in the Indians Sie 
studied as in Europeans except for the higher frequency of 
syphilis. Between the ages of 60 and 80 years, hypertensive 
and coronary heart disease together accounted for 58 per ceit 
of those with heart disease: 21 per cent of patients with hyper- 
tensive cardiac disease were over 60 years whereas 43 per cent 
with coronary heart disease were between the years of 60 and 
80. Chronic cor pulmonale was common and 22 per cent of 
cardiac patients over 60 suffered from this complication. 
Vakil found no rheumatic valvular disease in patients over 60 
but syphilis (aortic regurgitation or aneurysm) accounted for 8 
per cent of his total cardiac patients in the same age group. 
No cases of congenital heart disease were found in his series 
or in the series I have studied. 

When comparing the findings in this series on Africans 
studied in Rhodesia with Europeans, I am struck by the total 
absence of coronary heart disease. Not only was I unable to 
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demonstrate a single case clinically but the cardiographic changes typically associated with the con- 


ditions were absent too. 


cardiomyopathy or obscure heart disease. 
the hypertension, while syphilitic disease came third. 


carditis was encountered. 


The second interesting finding was the large group here called idiopathic 


The next most common form of cardiac disease was 
No case of myxcedema or of peri- 


The reason for the rarity of coronary heart disease may be the low incidence of atherosclerosis 


TABLE II 


CASES OF HEART DISEASE IN INDIAN AND AFRICAN SUBJECTS FROM 60 YEARS ONWARDS COMPARED 





| 
Miscel- 





| 
Rheumatic | Syphilitic | Hypertensive) Coronary | Chronic 
| | heart cor laneous 
disease pulmonale 
India (Vakil,1954) .. ..| o | 8 | 2 30 22 12 
Author’s figures (S. Rhodesia) | 6 14 30 0 1 13* 
: 











* Plus 36 per cent with idiopathic cardiomyopathy. 
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and Fic. 4.—Gross ascites associated with heart failure. Fic. 5.—The ascites is less pronounced than in Fig. 3: 
woof F ascites of this degree is fairlycommon. The circular 
tion. skin lesions are due to cupping by a witchdoctor. 
r 60 in the Bantu. Most pathologists, as well as physicians from various centres in Africa, seem to 
for . agree that atheroma, especially in its more severe form, is very uncommon. From post-mortem 
sted material, Becker (1945) and Higginson and Pepler (1954) of South Africa found atherosclerosis and 
_— coronary occlusion to be rare. Davies (1948) made the same observation from Uganda, and recently 3 
“7 Hannah (1958) in the Copper Belt, Northern Rhodesia, recorded that while the Bantu was not a 
— immune to coronary atheroma, he developed it less frequently and less severely than the European =" 
total living in the same region. a 
ale to But the main interest in this series is the so-called idiopathic heart failure. Unfortunately much é 
ape uncertainty exists as to the exact meaning of this term. It embraces several entities, each possibly " 
vathic related to the other. These are subendomyocardial failure (described notably by Davies of Uganda), 
, cae nutritional heart disease (Gillanders, 1951), cardiovascular collagenosis with parietal endocardial 
i thrombosis (Becker et al., 1953), idiopathic hypertrophy of the heart in Africans (Altman and 
senail on 1956; and Grusin, 1957) and last, but not least, reversible heart failure in Africans (Grusin, 
Except, perhaps, in the acute reversible form of heart failure due to thiamine lack, it is virtually 
impossible for the clinician to institute a satisfactory regime of treatment in these conditions. 
Gillanders (1951) claimed that many of his patients improved with a better diet, especially when 
—- protein was added, but there is little support for this claim. Grusin (1957) published his findings 
scel- on 16 Africans with acute heart failure and described three forms of the disease: one group of 3 
cous patients responded rapidly only when put to bed with a thiamine-free diet; in another group of 10 
a. 2 patients, essentially alcoholic and thought to have beri beri, the heart became smaller only when 
12 thiamine was added to the diet; and the third group failed to respond to thiamine but proved best 


13* on digitalis and mercurials. 


It is possible that a number of cases included in the term idiopathic cardiomyopathy improve 
with thiamine, but this is rare in my experience. Géillanders and Grusin’s observations offer some 
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measure of hope that the group of obscure heart disease may be reversible. Further research 
needed into the dietetic aspects of treatment for these cases. 


SUMMARY 


Heart disease in the elderly African is common. Coronary thrombosis was not encounter 
in my series, and chronic cor pulmonale appears to be much rarer at this age than in the Europea \ 
On the other hand idiopathic cardiomyopathy or “obscure heart disease” is common and 36 per ce 
of patients were placed in this category. There is a very urgent need in Africa to investigate tl 
form or forms of obscure heart disease. 

The elderly African who has congestive failure has often gross edema and a large proportion a 
admitted with a distended abdomen due to an ascites. Cirrhosis of the liver (probably bei 
central (cardiac) or septal or post-necrotic scarring in different degrees) is also commor 
encountered. 


Derr ee 


<0 Oo 


I wish to thank Dr. W. Sheffield, Director of Medical Services, Southern Rhodesia, for permission to publish thii 
article. 
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The term “gallop sounds” was first introduced by Bouillaud in 1847 (Potain, 1900) to describe 
tl e cadence of heart sounds where a succession of three sounds is heard instead of the normal two. 
T ie significance of gallop sounds was emphasized by Potain, Bouillaud’s pupil, and his description 
o the probable mode of production of both presystolic gallop from the addition of an atrial sound, 
a .d proto-diastolic gallop from a third heart sound, is so clear that it will be quoted in full. He 
d-scribes the association of an atrial gallop with Bright’s disease and says (Potain, 1880): 

“Normally after the ventricle has emptied, it then dilates, filling with blood brought partly by 
tle vis a tergo and partly by atrial contraction, which completes ventricular filling. The atrium, 
therefore, normally plays only an accessory role. But, when the ventricle is little distended, the 
action of the atrium becomes of greater importance, for, if little blood arrives from the venous side, 
little arrives in the ventricle, and so the atrium is obliged to complete filling of the ventricle—hence 
the more active role of the atrium and the sudden lift during its contraction, which is presumably 
our gallop sound. It is not exclusively a pathological phenomenon: it is rather an exaggeration of 
a normal phenomenon.” 

Of protodiastolic gallop, due to a third heart sound, he says (Potain, 1900): 

“If the cardiac muscle loses its tonicity, the ventricle in dilating arrives rapidly at the point where 
resistance of the fibres of its wall limits its distension; then, suddenly arrested, it produces a tension, 
shock, and gallop sound.” 

Potain thought of gallop sounds as essentially ventricular filling sounds. Although others have 
suggested that premature closure of the atrio-ventricular valves may sometimes contribute to the 
genesis of the third sound (Gibson, 1907; Thayer, 1908), Potain’s theory of ventricular filling as the 
underlying mechanism producing both types of gallop is generally accepted today (McKusick, 
1958). 

Protodiastolic gallop from accentuation of a third heart sound is a sign of heart failure in older 
patients (Evans, 1943), indicating a raised venous filling pressure. Presystolic gallop, on the other 
hand, from accentuation of an atrial sound may persist for many years in patients with few symptoms 
from their heart disease (Weitzman, 1955; Harvey and Corrado, 1956). Detailed phonocardio- 
graphic studies have shown that the precise timing of an atrial sound varies with the clinical state of 
the patient, an atrial sound at first distinct and separate from the first sound later approaching it or 
fusing with it, as the patient improved (Duchosal, 1932; Kincaid-Smith and Barlow, 1959). 

We have been impressed with the extreme lability and the constantly changing character of the 
atrial sound and third sound in patients with hypertension and ischemic heart disease. We, there- 
fore, investigated the effect of certain simple physiological manceuvres, including respiration, 
postural changes, and light exercise to see how far these factors, in addition to the clinical state of 
the patient, modified the gallop sounds. 
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THE INVESTIGATION DESCRIBED 


In order to follow acute variations of gallop sounds in hypertensive and ischemic heart diseas. , 
a small number of patients were selected for a more prolonged study in the phonocardiogram, eac 1 
examination lasting two to three hours. Twenty-five patients were selected, of whom 18 hi 
hypertension and 7 ischemic heart disease. The hypertensive patients were all sufficiently ill 
require hypotensive drug therapy and were studied while in hospital for control of treatment. Fo 
of those with ischemic heart disease were studied during an episode of cardiac infarction, while 
three an associated anemia aggravated their angina. Three of the 25 patients had both hype- 
tension and ischemic heart disease. All the patients had an atrial sound and three had a thii 
heart sound also. 

During the examination the effect of certain simple physiological manceuvres was tested, name 
normal respiration, halted respiration, sitting up and lying down, and in some patients gent e 
exercise. In addition two further methods were used to vary gallop sounds, venous pooling ty 
cuffing the legs and the intravenous injection of aminophylline. 

In order to obtain basal conditions at the beginning of the examination, the patient was allowed 
to rest quietly in the phonocardiograph room for about 15 minutes, before the first phonocardiograin 
was recorded. The sounds were recorded in the mitral area, using a low frequency filter. A 
simultaneous electrocardiogram and phonocardiogram from another area were used as reference 
tracings and in some cases a carotid pulse tracing and an apex cardiogram were also recorded. The 
blood pressure was taken with each sound record throughout the study. Any outside noise or 
interruption likely to disturb basal conditions was avoided. 

The effect of respiration on the gallop sounds was studied in 8 patients. A phonocardiogram 
was first recorded during normal quiet respiration. The patient then took a deep breath in and 
held it for about six heart beats, during which time a continuous phonocardiogram was recorded. 
A similar record was taken immediately on completion of expiration, the patient once again holding 
his breath for about six heart beats. 

Change of posture from the sitting to lying position was studied in 18 patients. The patient was 
sat up for 10 minutes in a cardiac bed with the feet down and a phonocardiogram was recorded. He 
was then laid flat, the adjustable portions of the cardiac bed being brought to the horizontal, and a 
second record was taken immediately. All phonocardiograms in this and subsequent studies were 
recorded at the end of full expiration and continued for about six heart beats. 

The effect of exercise was studied in 11 patients. Exercise was performed by gentle bicycling 
movements of the legs against light manual pressure with the patient lying flat in bed, until he began 
to be breathless. A phonocardiogram was recorded immediately after exercise and serial records 
taken until breathlessness had passed. 

Venous pooling, by the application of inflated cuffs to the thighs, was studied in 9 patients. Its 
effect on the gallop sounds was examined both with the patient sitting up and lying down. The 
following routine was repeated in each case. A phonocardiogram was first recorded with the patient 
sitting up. Cuffs were then applied to both thighs at a pressure of about 80 mm. Hg and serial 
phonocardiograms recorded for up to 40 minutes, with the patient still sitting up. He was then laid 
flat with the cuffs in position and further phonocardiograms were recorded for about 10 minutes. 
Finally the cuffs were released and more records were taken with the patient still lying flat for about 
15 minutes. 

In 7 patients the effect of intravenous injection of 0-5 g. aminophylline was investigated. Tle 
injection was given slowly over a period of 3 minutes. Phonocardiograms were recorded immediatel ’, 
and afterwards at regular intervals for up to 40 minutes. 

Definition of an Atrial Sound. The interval between the beginning of the Q wave in the electro- 
cardiogram and the first heart sound sometimes contains low frequency vibrations, due at least 1 
part to atrial systole and therefore constituting an atrial sound (Kincaid-Smith and Barlow, 1959). 
Harrison (1959), however, has shown that in ultra-low frequency tracings from the precordium a 
succession of small vibrations occur after the Q wave and before closure of the atrio-ventricul: r 
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valves in normal subjects and that, while some are due to atrial contraction, others are probably 
ventricular in origin. One should hesitate, therefore, to ascribe vibrations during this period to 
atrial systole, without special additional evidence, such as variation in the sound with alteration in the 
length of the P-R interval. In this study we accepted, as evidence of an atrial sound, vibrations follow- 
ing the P wave that preceded or lay around the Q wave in the electrocardiogram. Vibrations clearly 
fo'lowing the Q wave were only accepted as an atrial sound in one hypertensive patient, in whom they 
were of unusually large amplitude. Nomore accurate timing of the atrial sound than a broad relation- 
sh p to the Q wave was attempted, since it was felt that the width of the sound in the phonocardio- 
gr. m and its often ill-defined beginning made more detailed estimation of the exact interval between 
th P wave and the atrial sound impracticable in our group of patients. No attempt was made to 
di ide the sound into two components, the audible and the inaudible, as described by Weitzman 
(1.55). It was recognized, however, that the atrial sound was merely the terminal portion of a 
co uplex of small vibrations in a low-frequency phonocardiogram, extending throughout atrio- 
ve tricular filling as indicated in a simultaneous apex cardiogram (Fig. 1), of which only the later 
vi! rations were sufficiently large or of high enough frequency to be audible. 
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Fic. 1.—Hypertensive heart disease with atrial gallop. Relationship of atrial sound to precordial pulsation. Low- 
frequency vibrations (LFV) in phonocardiogram (PH) in mitral area (MA) continue throughout atrial beat 
(AB) recorded in apex cardiogram (AC). Only larger and higher frequency vibrations clearly audible as atrial 
sound (AS), occurring at zenith (Z) of outward atrial beat. Apex cardiogram recorded with photo-electric cell, 
Electrocardiogram lead II. 1st and 2nd=first and second heart sounds. 


RESULTS 


The Atrial Sound. The Effect of Respiration. During normal quiet respiration phasic variation 
in amplitude of the atrial sound was seen in all 8 patients studied, the sound being loudest at the 
beginning of expiration. A minor transient increase at the beginning of inspiration was also seen 
in 2 of these 8 patients, both of whom were in congestive heart failure. 

Halting of respiration, either in full expiration or full inspiration, profoundly modified the 
phonocardiogram in 4 of the 8 patients: 3 of these had hypertension and 1 ischemic heart disease, 
so that the behaviour of the sound was not peculiar to either disease. A record taken in held 
expiration, starting immediately at the end of expiration and continued for 5 to 6 heart beats, showed 
gradual diminution in amplitude of the atrial sound with final disappearance (Fig. 2). Changes 
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Fic. 2.—Ischemic and hypertensive heart disease with atrial gallop. Effect of held expiration. Disappearance of 
atrial sound (AS) with held expiration during 8 heart beats (1 to 8). Recording of phonocardiogram started 
immediately at end of expiration. Electrocardiogram lead II. 1st and 2nd=first and second heart sounds. 


during held inspiration were less marked, but showed an initial increase followed by a decrease in 
amplitude. 

The Effect of Posture. Sitting upright with the feet down was found to abolish the atrial sound 
in 9 out of 18 patients, all of whom had a clear atrial sound previously when lying down. On their 
lying down again, the sound reappeared (Fig. 3) and it persisted as long as they remained flat. 
Five of these patients had ischemic heart disease and 4 had hypertension. Only minor changes in 
blood pressure accompanied the change from the sitting to the lying posture and these were not 
consistent, the pressure rising slightly in some and falling in others. The diastolic pressure never 
varied by more than 20 mm. Hg: similarly the systolic pressure did not vary by more than 30 mm. 
Hg. Changes in heart rate were small, if any, the rate tending to increase by about five beats a 
minute on sitting up. There was no significant change in the P-R interval. 

The Effect of Exercise was studied in 11 hypertensive patients, one of whom also had ischemic 
heart disease. It was thought advisable to carry out only mild leg exercise in these patients, 
particularly when lying flat. The atrial sound became larger and earlier after exercise in one patient 
with ischemic and hypertensive heart disease, a third heart sound appearing temporarily al.o 
(Fig. 4). In the remaining patients little change in the atrial sound occurred. The pulse rate rose 
in every patient with exercise but with only a small rise in blood pressure of up to 10 mm. Eig 
diastolic. 

The Effect of Venous Pooling was studied with the patients both in sitting and lying positior s. 
All 9 patients retained their atrial sound, when they were sat up with the feet down before the veno 1s 
cuffs were inflated on the legs. Five of them, however, lost the sound, after the cuffs had be: n 
inflated for about 10 minutes (Fig. 5); and of the remaining four, the sound became smaller in 3 
and later in timing also in 1 (Fig. 6). 
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Fic. 3.—Hypertensive heart disease with atrial gallop. Effect of posture. Absence of atrial sound in sitting 
posture (1). Appearance of early atrial sound (AS), before Q wave on lying flat (2). Blood pressure 


=220/140 mm. Hg in both positions and cycle length unchanged (0-75 sec.). SM and EDM=systolic 
and early diastolic murmurs. 
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FiG. 4.—Ischemic and hypertensive heart disease with atrial gallop. Effect of exercise. No clear third or atrial 
sound in resting phonocardiogram, lying flat (1). Transient quadruple rhythm with third (3rd) and atrial sound 
(AS), immediately after gentle leg exercise, lying flat (2). Disappearance of third sound one minute later, but 
persistence of atrial sound (3). Moderate increase of heart rate on exercise, with minor changes of blood pressure. 
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Fic. 5.—Hypertensive heart disease with atrial gallop. Effect of posture and venous pooling. Small atrial 
sound (AS), around R wave in sitting posture (1), disappears with venous pooling with inflated 
cuffs on thighs (2). Small atrial sound returns, lying flat with cuffs still inflated (3), which becomes 
larger and earlier (before R wave) with release of cuffs (4). Moderate changes in blood pressure and no 
significant change in heart rate. 


The patient was then laid flat, with the cuffs on the legs still inflated, but this change of position 
did not have any marked effect on the atrial sound so long as venous pooling was continued. As 
soon as the cuffs were released, however, and the trapped blood in the legs returned to the circulation, 
striking changes in the atrial sound were seen in all patients. The sound now clearly returned, 
where previously abolished (Fig. 5): of the 4 patients, in whom cuffing had made the sound smaller 
or later in timing, uncuffing caused it to become larger and earlier again (Fig. 6). 

Seven of the patients studied in this group had hypertension and 2 ischemic heart disease. 
Changes in pulse and blood pressure during these manceuvres were slight, if any occurred. 

The Effect of Intravenous Aminophylline was examined in 7 hypertensive patients. In all te 
atrial sound grew later and smaller in timing after the injection of aminophylline (Fig. 7) and in 
3 it disappeared. It did not return to its former amplitude and timing during the period of obs« r- 
vation, which varied between 20 and 30 minutes. Two patients showed a transient increase in t1¢ 
sound one minute after the injection, after which the sound grew later and smaller as in the otter 
patients. With the exception of two patients there were no marked changes in blood pressure af 2r 
the injection of aminophylline, but in all the heart rate increased. 

Quadruple Rhythm. Two patients were noted to have a labile quadruple rhythm, in which at tir 2s 
the third and at times the atrial sound predominated, and they were therefore studied throughc 1 
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Fic. 6.—Hypertensive heart disease with atrial gallop. Effect of posture and venous pooling. Large atrial sound 
(AS), before the R wave in sitting posture (1), becoming smaller and later (around R wave) with venous 
pooling (2). Atrial sound unchanged on lying flat (3), but becoming larger and earlier again on release of cuffs 
(4). Changes in blood pressure small and heart rate unaltered. 


their month’s stay in hospital on numerous occasions. One patient had hypertension, with 
grade III retinopathy, and was aged 37; the second was an older patient, aged 60, who had hyper- 
tension and also recent cardiac infarction. The lability of their heart sounds suggested that they 
were on the verge of frank heart failure, for even minor stimuli, whether psychological such as a 
ward round, or physical such as rest, respiration, changes of posture, or venous pooling, were 
sufficient to change fundamentally the basic pattern of their gallop rhythm. 

The Effect of Rest, Posture, and Venous Pooling. The extent of the manceuvres necessary to 
produce such changes in the heart sounds varied with the clinical state of the patient. At times 
prolonged rest on the couch in the phonocardiograph room was sufficient to produce marked 
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improvement in the sounds. On other occasions changes in posture or venous pooling were 
required to produce the same degree of improvement. 

Four successive stages in improvement were seen. First, there was gallop rhythm due to a 
third heart sound. This later gave way to quadruple rhythm with a clear atrial sound appearing 
de novo. This, in turn, was succeeded by gallop rhythm due to an atrial sound alone, until finally 
in the last stage both gallop sounds disappeared (Fig. 8). These stages in improvement could then 
be reversed by any manceuvre designed to increase again the venous return. 

Accompanying these changes in the type of gallop rhythm, there were significant alterations in 
the amplitude and timing of both the third and the atrial sound throughout all four stages. In the 
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Fic. 7.—Hypertensive heart disease with gallop rhythm. Effect of intravenous aminophylline. Atrial sound 
(AS), large and early (before Q wave in control phonocardiogram (1), becoming smaller and later 
(around Q wave) after intravenous injection of 0-5 g. aminophylline (2). Heart rate increased from 85 to 
100 a minute but little change in blood pressure. 


first stage the lone third heart sound was large and early. In the second, when both an atrial and a 
third sound were present together, the third sound became smaller and later, while the atrial sound 
was early. In the third stage the lone atrial sound grew large and later in timing. In the fourth 
stage, the atrial sound gradually grew smaller, until it finally disappeared. 

These changes in the type of gallop rhythm were observed with only small variations in the blood 
pressure, heart rate, or P-R interval, as in the previous studies on the atrial sound. 

The Effect of Respiration. When the heart sounds had reached the second stage of improvement 
in this study, that is both a third and atrial sound being present together, the phases of normal 
quiet respiration had a most striking effect on the sound rhythm. On inspiration the third heart 
sound grew louder and the atrial sound disappeared. Toward the end of inspiration and at the 
beginning of expiration, the lone third heart sound reached enormous proportions and became 
earlier. Then, as expiration proceeded the third sound grew later and smaller, while simultaneously 
a large atrial sound returned (Fig. 9). These beat to beat variations of the gallop sounds accompany- 
ing phases of respiration seemed to reflect in microcosm the more lasting changes produced by rest, 
posture, or venous pooling. 


DISCUSSION 


Our studies emphasize the liability of gallop sounds in hypertensive and ischemic heart disease, 
which reflect not only the clinical state of the patient, but also physiological changes, such as resni- 
ration, posture, and exercise. Thus both the loudness and the timing of the atrial sound vary w th 
posture and also with the phases of respiration. In addition, posture and respiration may actua ly 
alter the basic cadence of sounds, a third heart sound being replaced by an atrial sound. Caution 
is necessary, therefore, in interpreting relatively minor changes in these sounds in relation to clini: al 
improvement or deterioration. 

The Atrial Sound. Normal respiration alters phasically the venous return to the two sides of 
the heart, inspiration increasing the return to the right heart and diminishing the return to the le t, 
while expiration has the opposite effect (Lauson et al., 1946). The changes in triple rhythm due ‘o 
an atrial sound that we observed in patients with hypertensive and ischemic heart disease duri 1g 
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1G. 8.—Hypertensive heart disease with quadruple rhythm. Effect of rest and venous pooling. Four stages in 
improvement illustrated. Stage 1: lying flat: large third sound (3rd) and rudimentary atrial sound. Stage 2 
after 20 minutes rest, lying flat: quadruple rhythm with smaller and later third sound and larger and later atrial 
sound (AS). Stage 3: further prolonged rest, lying flat: lone atrial sound, later still in timing. Stage 4: lying 
flat with venous cuffs on thighs for 20 minutes: disappearance of both third and atrial sound. No significant 
change in heart rate or blood pressure throughout. 





normal quiet respiration followed the pattern of increasing and decreasing venous return to the left 
heart, the sound being loudest at the beginning of expiration and smallest on mid-inspiration. 

The marked effect of breath-holding in some patients is of importance, since phonocardiograms 
are often recorded in held expiration in order to free the base-line of interference from respiratory 
sounds. We found that by holding the breath in full expiration for only six heart beats it was 
possible to abolish completely a loud atrial sound. Breath-holding is essentially an unphysiological 
state and we feel that phonocardiograms for assessment of both atrial and third heart sounds 
should be recorded with continuous quiet respiration. Abolition of the atrial sound on held 
expiration is probably related to the fact that the stroke volume of both right and left ventricles falls 
on held expiration (Lauson et al., 1946). 

Disappearance of the atrial sound in the sitting position in patients in whom the sound is easily 
heard in the recumbent position was noted by Kuo et al. (1951). It is probably related to the shift 
of blood into the lower part of the body and depletion of the central venous reservoir, with resultant 
fall in venous filling pressure and, in the normal circulation at any rate, a fall in cardiac output 
(McMichael and Sharpey-Schafer, 1944; Coe, 1954; Weissler et a/., 1957). It seemed unlikely that 
simple changes in proximity of the heart to the chest wall could be responsible for changes in 
intensity of the sound, because of the opposite behaviour of the third and the atrial sound, when 


present together. Alteration of the position of the heart in relation to the chest wall would cause 
2D 
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SUCCESSIVE HEART SOUNDS THROUGHOUT ONE RESPIRATORY CYCLE 
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Fic. 9.—Hypertensive heart disease with quad 
phonocardiogram during respiration. 
rhythm. At beginning of inspiration (2), disappearance of atrial sound (AS), 


larger and earlier. TOV anc 
Expiration: At start of expiration (7), third sound largest and earliest. With continuing expiration (8 


11), progressive decrease of third sound, becoming later again. In mid-expiration (9), reappearance 
early atrial sound, which then grows larger and later (9 to 11). 


while third sound (31 


With continuing inspiration (3 to 6), third sound continues to grow larger and earlic *. 
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ruple rhythm. Effect of normal quiet respiration. Continuo’ s 
Inspiration: Just before start of inspiration (1), quadrup ¢ 
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both the third and the atrial sound to grow louder or softer simultaneously, whereas in fact one sound 
grew louder as the other grew softer. 

The effect of gentle exercise was, perhaps, less than might have been expected. In one patient, 
however, a striking change resulted, an early loud atrial sound and a third sound appearing after 
exercise. An early loud atrial sound is an unfavourable clinical sign (Duchosal, 1932; Kincaid- 
Smith and Barlow, 1959) and so this change on gentle exercise together with the brief appearance of 
a ird heart sound was an indication of the gravity of the patient’s clinical state and lack of cardiac 
re°erve. 

The circulatory effects of pooling of blood by venous occlusive cuffs have been extensively studied 
(\ arren and Stead, 1943; McMichael and Sharpey-Schafer, 1944; Fitzhugh et a/., 1953). A fall 
in right atrial pressure with a concomitant decrease in cardiac output results in normal subjects. 
L: »nard et al. (1958) studied the effect of venous pooling on the atrial gallop in hypertensive heart 
di ase and found results similar to ours. They believed that the softening of the atrial sound with 
ve ous pooling was explained by atrial systole injecting less blood into the left ventricle, which is 
th s under less tension. 

Aminophylline has been shown to lower right atrial pressure and to cause an immediate rise 
an later fall in cardiac output (Howarth et al., 1947). Werk6 and Lagerlof (1950) studied patients 
wi: : hypertensive heart disease and showed a constant and significant fall in pulmonary capillary 
ve! US pressure, with usually a small rise in cardiac output, after 0-4 g. aminophylline had been 
inj: ted over a period of two minutes. The pulmonary capillary pressure did not rise to its former 
lev | until after about 30 minutes. The diminution of the atrial sound after aminophylline in our 
pai ents for half an hour or more accords well with Werk6’s findings and suggests that the reduction 
in ulmonary capillary pressure may well have been the direct cause of the disappearance of the 
so.nd in our hypertensive and ischemic patients. The immediate rise and later fall in cardiac 
output reported by Howarth et al. (1947) might explain the initial temporary increase in the atrial 
sound in a few of our patients. 

Pathogenesis of Quadruple Rhythm. Possible factors responsible for accentuation of gallop 
sounds in disease include changes in myocardial tone, in ventricular and atrial volume, in venous 
filling pressure, and in stroke output of both ventricle and atrium. Disturbed myocardial tone from 
hypertrophy or ischemia is probably one of the basic factors responsible for the sounds in hyper- 
tensive and ischemic heart disease. It seems likely, however, that, in addition, acute variations in 
the atrial pressure from varying venous return may act on the diseased myocardium in such a way as 
to cause the sounds to change temporarily, without any basic change in the abnormal tone of the 
myocardium. This dual concept of the pathogenesis of the sounds would fit in with our observation 
that the patients would respond to manceuvres tending to diminish the venous return, such as rest, 
posture, or venous pooling, in the same general direction of improvement but to a different degree, 
depending on the general state of the circulation at the time of study. 

The reciprocity of the third heart sound and the atrial sound, the one appearing when the other 
disappeared, seemed compatible with the concept of a critical venous filling pressure that is required 
to overcome the increased resistance to filling of the diseased and stiffened myocardium. According 
to this concept a lone loud third heart sound suggests that left atrial pressure in early diastole is 
sufficiently raised to overcome this increased resistance, so that filling is early, rapid, and prematurely 
complete in the diastolic rapid inflow period. Atrial systole, therefore, contributes little to ventri- 
cular filling, since this is virtually complete in early diastole, and hence there is no atrial sound. 
When the venous return is diminished by rest, posture, or venous cuffing, the atrial pressure in early 
diastole falls to more normal levels, but is now insufficient to overcome the increased resistance of the 
diseased left ventricle. The third heart sound, therefore, gradually disappears, but is replaced by an 
atrialsound. The appearance of an atrial sound suggests that atrial contraction now raises the atrial 
pressure above the critical level, so that the increased resistance of the left ventricle is overcome, not, 
as before, at the beginning, but at the end of diastole. In other words, active atrio-ventricular 
filling now predominates over passive filling (Potain, 1880; and Mounsey, 1959). 
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Disappearance of both third and atrial sound, when the venous return is further reduced, mz y 
indicate that the degree of increased resistance of the ventricle to filling varies with the diasto' c 
volume and stroke output, the basic disturbance being one of volume-elasticity ccefficient. Thi 
with a smaller venous return the heart is able to fill in a more normal and even manner. 
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SUMMARY 


Alteration and disappearance of gallop sounds are important signs in assessing clinical impro\ : 
ment in hypertensive and ischemic heart disease. Protodiastolic gallop, due to an accentuated thi 
heart sound accompanying passive early diastolic ventricular filling, is known to be more ominoi s 
while presystolic gallop, due to an accentuated atrial sound accompanying ventricular filling duri:g 
atrial systole, is more benign. The timing of the atrial sound is also of importance, for when tie 
sound is early and thus relatively widely separated from the first heart sound, the prognosis is graver. 

We found that simple physiological manceuvres, such as respiration, posture, and exercise, 
profoundly modified the gallop sounds in 25 patients with hypertensive and ischemic heart disease. 
The loudness and timing and indeed the presence of an atrial sound varied with the phases of 
respiration, with posture, and sometimes with exercise. Held expiration, which is the normal state 
in which a phonocardiograph is recorded, sometimes abolished the sound. Similarly sitting 
upright sometimes caused the sound to disappear. Venous cuffing and the intravenous injection of 
aminophylline also resulted in diminution or disappearance of the atrial sound. 

In two patients with quadruple rhythm we were able to vary the nature of their gallop by the 
same physiological manceuvres, converting quadruple rhythm to a lone third heart sound, to an atrial 
sound, or abolishing both at will. Even normal quiet respiration was capable of producing these 
changes, thus emphasizing the importance of continuous respiration when recording the phono- 
cardiogram. 


Because of the large variations in the gallop sounds with these simple physiological manceuvres, 


we feel that caution is necessary in interpreting relatively minor changes in gallop rhythm in relation 
to the clinical progress of the patient. 


We would like to thank Professor J. McMichael, F.R.S. for his interest and encouragement in the preparation of 


this paper, and also Miss Judith Willsher and Miss Jean Powell for technical assistance and Miss Rosemary Davies 
who typed the paper. 
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The pattern of heart disease in the African (Negro) differs from that in the White (Caucasian) 
in wo notable respects—the virtual absence of myocardial infarction (0-4°%, Schwartz et al., 1958; 
1..°%, Laurie et al., 1960) and the presence of a high proportion of cases of obscure etiology 
(3. 5%, Schwartz et al., 1958; 31-5%%, Laurie et al., 1960). The latter have been referred to by 
va-ious authors as idiopathic heart disease, nutritional heart disease (Gillanders, 1951), cardio- 
vascular collagenosis with parietal endocardial thrombosis (Becker et al., 1953) and cryptogenic 
heart disease (Schwartz et al., 1958). Cryptogenic cardiomyopathy would appear to be a better 
em for this group of cases. They present with congestive cardiac failure, moderate to gross 
ecema, generalized cardiomegaly, gallop rhythm, occasional systolic murmurs, a hypokinetic 
ciiculation, and an inert heart on fluoroscopy—a presentation not unlike myxcedematous heart 
disease or pericardial effusion. There is no evidence of ischemic, hypertensive, rheumatic, or pul- 
monary heart disease. Pathological examination reveals a basic pattern of dilatation of all cham- 
bers of the heart, moderate myocardial hypertrophy, and a patchy interstitial or endocardial fibrosis 
which is seldom marked. Antemortem intramural thrombi are commonly found in all chambers. 
Widespread endomyocardial fibrosis found in other parts of Africa (Bedford and Konstam, 1946; 
Ball et al., 1954; Davies and Ball, 1955) is extremely rare in South Africa. Some of these cases have 
been observed in this hospital (Seftel and Susser, 1960) during late pregnancy, the puerperium, and 
the lactational period—post-partum heart disease. This pattern is similar to that described as 
post-partal heart disease (Malvin, 1947), post-partum myocardosis (Vilter and McKee, 1953), and 
idiopathic myocardial degeneration of the puerperium (Gouley ef al., 1937), by observers in 
America. 

Recent work (Grant, 1956; Davies and Evans, 1960) has indicated that significant left axis 
deviation is not due to left ventricular hypertrophy per se, but to a conduction defect involving the 
anterior superior division of the left bundle branch. This conduction defect is most frequently the 
result of myocardial infarction or diseases associated with fibrosis of the left ventricle. The left 
bundle branch divides into a number of small branches almost immediately after leaving the bundle 
of His. These branches divide into two major sweeps or radiations that innervate the anterior 
superior aspect—the anterior superior division—and the posterior inferior aspect of the left ventricle 
—the posterior inferior division (Fig. 1). Excitation and conduction normally progress simul- 
taneously through the fibres of both divisions. If, however, interruption of conduction occurs in the 
fibres of the anterior superior division, activation of the ventricular walls will occur chiefly through 
the posterior inferior division without necessarily causing prolongation of the QRS complex. As 
the principal excitation via the posterior inferior division is terminally upwards and to the left 
(arrow 2, Fig. 1), the dominant vector will be upward and to the left resulting in left axis deviation. 

The possibility that the patchy fibrosis found in the cases of cryptogenic cardiomyopathy of the 
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Fic. 1.—Semi-diagrammatic representation of the left 
bundle branch. Ant. Sup.=Anterior superior; Post. 
Inf.= Posterior inferior. Arrows 1 and 2 indicate 
direction of terminal vector forces of each bundle 
branch. 


Fi. 
African would likewise result in significant left axis deviation prompted this investigation. As the 
presentation of cryptogenic cardiomyopathy may mimic myxedema or pericardial effusion, and, 
when systolic murmurs are pronounced, mitral regurgitation, these diseases were analysed for the 
occurrence of left axis deviation. Furthermore, as myocardial infarction and chronic coronary occ 
heart disease are the chief causes of left axis deviation in the White, and as these conditions are mut 
extremely uncommon in the African, the disease spectrum of left axis deviation in the African was dist 
also studied. to ¢ 
The 
MATERIAL AND METHODS of - 
The mean manifest frontal plane QRS and T wave axes (AQRS and AT) were studied in 256 et 
persons at Baragwanath Hospital, all of pure African (Negro) descent. These included 48 patients 
with cryptogenic cardiomyopathy (4 with left bundle-branch block), who were compared with 70 
patients with hypertension, 19 with mitral regurgitation, 4 with myxcedema, and 5 with pericardial 
effusion. The hypertensive patients were selected on the basis of diastolic pressures of over 100 mm. 
Hg. All were in-patients with clinical, electrocardiographic, and radiological manifestations of age 
advanced hypertensive heart disease. Thirty-five healthy African nurses and 60 healthy African othe 
male labourers attached to the hospital were selected as normal controls. Their ages ranged from +H 
18 to 67 years (men 23 to 67 years; women 18 to 27 years). These subjects lived on the hospit:| AQ) 
premises and were given a standard staple balanced diet. spre 
In addition, 76 consecutive instances of left axis deviation were examined and the disease spectrur1 The 
analysed. This category included all the instances of left axis deviation in the aforementione | the ' 
groups as well as a miscellaneous group consisting of arteriosclerosis, constrictive pericarditi , 7 
persistent A-V communis, coarctation of the aorta, and aortic and ventricular aneurysms. and 
Due to the persistent bed shortage in this hospital, most patients admitted to the wards a: case 


severely ill and usually in an advanced stage of their illness. betw 
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All electrocardiograms were recorded by a direct writing electrocardiograph with the subjects in 
the supine position. 

Axes were plotted on Bayley’s triaxial reference system with the addition of the unipolar limb 
lead axes forming a hexaxial reference system (Fig. 2 and 3). 


F 


=120. .< en, -GO- 





> 180— 





+150 















+ : -s + +120 +60. 


+ +90 
Fic. 2.—Hexaxial reference system, showing normal Fic. 3.—Hexaxial reference system, showing range of 
range of AQRS. slight left axis deviation (light shading) and significant 


left axis deviation (dark shading). 


The normal range of AQRS is usually between 0 and +90°. Axes between 0 and —29° may 
occasionally be found in the normal subject, especially during pregnancy or in those with 
much obesity or a stocky build. It may also be associated with severe ascites or abdominal 
distension. However, axes in this zone should be viewed with suspicion as they are frequently due 
to organic heart disease. Grant (1956) considers an AQRS more leftward than — 15° as significant. 
The criteria for significant left axis deviation in this paper are stringently defined as a leftward shift 
of —30° or greater. This implies dominant S waves in leads II and III and usually dominant R 
waves in standard lead I (Fig. 8). Axes in the zone of 0 to —29° are referred to as slight left axis 
deviation (Fig. 3). An AQRS-T angle spread greater than 60° is regarded as abnormal. 


RESULTS 


Normal Subjects. Only one of the 95 normal controls had left axis deviation. This was a man 
aged 42 in whom AQRS was —30°. The T wave axis in this subject was normal and there were no 
other electrocardiographic abnormalities. AQRS in the remaining subjects ranged from 0 to 
+90° with a mean of +47° (Fig. 4). Age and sex were without influence on the distribution of 
AQRS. (It should be noted that the youngest subject was 18 years old.) Four men had a QRS-T 
spread of 60° and the subject with left axis deviation referred to above had a QRS-T spread of 75°. 
The remainder had QRS-T angles of less than 60°. The electrocardiogram in one woman showed 
the Wenckebach phenomenon. There were no other cardiographic abnormalities in our cases. 

These results are similar to those reported in the White (Caucasian) ethnic group. Thus Davies 
and Evans (1960) found that 3 out of 200 normal subjects had left axis deviation of AQRS, all three 
cases being over 40 years of age. Of 558 cases studied by Zao et al. (1958) AQRS was located 
between 0 and +90° in all except one in whom it was —15°. The QRS-T angles ranged from 0 to 45°. 
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Cryptogenic Cardiomyopathy. (a) Cases without QRS Prolongation. Of the 44 patients, significant lc 
axis deviation was found in 20 (46%). Slight left axis deviation was present in 10 (23%). Normal ax 
were found in 11 (25%), and the remaining 3, all of whom had gross functional tricuspid regurgitatic , 
showed right axis deviation (Fig. 5). 

The electrocardiograms also showed other abnormalities. In 31 cases the T waves were inverted 0\ : 
V5 and V6. In 26 cases the QRS-T angle exceeded 60°. In addition, there were instances of uni- a 
multifocal ventricular extrasystoles, first degree A-V block, and atrial fibrillation. There were no instan > 
of U wave inversion, sharp-angled ST-T junctions, or plane depression of the S-T segments. The T wa. : 
were not pointed or symmetrical. 

(b) Cases with ORS Prolongation. There were 4 cases with left bundle-branch block. Two of these h 
terminal vectors showing significant left axis deviation (—75° and —60°) (Fig. 9). Moreover, the termii al 
vectors were more leftward than the initial vectors indicating that left axis deviation was present before t 1e 
development of left bundle-branch block (Grant, 1957). In both these cases the angle between initial a id 
terminal vectors did not exceed 60°. In the third case both initial and terminal vectors were normaily 
directed. 

The fourth case also showed normally directed initial and terminal vectors (Fig. 10A). However, 5 
months later the terminal vector had shifted to the left, showing significant left axis deviation (— 80°): Fig. 
10B); the initial vector remained normal (+70°). This spread of 150° indicates a pattern suggestive of 
peri-infarction block (vide infra). This patient denied any chest pain and there was no evidence of myocardial 
infarction in the electrocardiogram. 


yet 
120 





Fic. 4.—AQRS distribution in normal African subjects. Fic. 5.—AQRS distribution in cases with cryptogenic 
cardiomyopathy. 


Hypertension. Significant left axis deviation was found in 12 of 70 patients (17%). Nearly all 
were examples of long-standing hypertensive disease with complicating factors such as cardiac 
failure, diabetes mellitus, or renal or cerebral vascular disease. Slight left axis deviation was found 
in 19 (27%). Normal axes were present in 39 (56°) (Fig. 6). 

The average age for those with left axis deviation was 58 years and for those with normal ax 2s 
45 years. Thecategories with slight or significant left axis deviation had a higher percentage of patie: ts 
with marked elevation of the diastolic pressures than the group with normal axes (Table 1). 


Mitral Regurgitation. Of these 19 patients none showed significant or even slight left a: is 
deviation. The tendency was for a deviation of AQRS to the right or frank right axis deviation 
(greater than +90°) (Fig. 7). The QRS-T angles ranged from 0 to 50°. T waves were tall aiid 
upright in leads V5 and V6 in all cases. 
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LEFT AXIS DEVIATION 
TABLE I 


RELATION BETWEEN AQRS AND DIASTOLIC BLOOD PRESSURE 








AQRS Patients with diastolic pres- | Percentage 
sures of 130 mm. Hg or 
higher 
—30° or further leftward .. se 8 of 12 67 
Oto —30° .. ae a =e 12 of 19 \ 63 


Oto +90° .. oa = “a 10 of 39 25 





Pericardial Effusion and Myxadema. None of these cases showed left axis deviation. AQRS 
in 5 cases of pericardial effusion ranged from +40° to +120°, and in 4 cases of myxcedema from 
+ 5° to +75°. 


S. dy of Consecutive Cases of Left Axis Deviation 

Analysis of 42 cases with significant, and 34 with slight, left axis deviation revealed the 
di :ribution shown in Table II. This did not include the one normal subject whose AQRS 
w:; —30°. All these cases showed, in addition, other electrocardiographic abnormalities either 




















in the patterns or in rhythm. No patterns of myocardial infarction were observed. 
TABLE II 
Lert Axis DEVIATION IN VARIOUS DISEASES 
AQRS 
= 30° or further leftward 0 to —29° 
Cases 4 Percentage Cases | Percentage 
Cr yptogenic ‘eceaeadie tamed i 5A us Ae 20 48 10 30 
Hypertension . oe be & a 12 29 19 56 
Arteriosclerosis ‘ a Sea 3 Z 2 6 
Constrictive pericarditis (Post- “Pericardiectomy) ~ ea 1 2°5 
Angina of effort Se 2 5 
Persistent A-V communis 1 2°5 
Aortic aneurysm : MA ah Je ne os fl 1 2°5 1 3 
Ventricular aneurysm . . a a ee a5 ant 1 2°5 
Pectus excavatum ee Bis — it See a 1 2:5 | 
Hemochromatosis = | ~~ 1 3 
Coarctation of the aorta —- — 1 3 





DISCUSSION 


The principal conditions that may cause conduction defects in the anterior superior division 
of the left bundle branch and result in left axis deviation are myocardial infarction, advanced left 
ventricular hypertrophy, and chronic coronary heart disease. 


Myocardial Infarction. In the White (Caucasian) ethnic group antero-lateral infarction is an 
important cause of left axis deviation, and is referred to as peri-infarction block. Thus, Grant 
(1956) found infarction in 54 of 131 (41°) consecutive cases of left axis deviation. Of these, the 
infarction was located in the antero-lateral aspect of the left ventricle in 34. Davies and Evans 
(1960) found left axis deviation in 32 of 200 (16°) patients with myocardial infarction. The left 
axis deviation of peri-infarction block may be distinguished from that due to other causes in the 
following manner: in myocardial infarction the initial vector (initial 0-04 sec. of the QRS complex) 
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Fic. 6.—AQRS distribution in cases with hypertension. Fic. 7.—AQRS distribution in cases with mitral regur- 
gitation. 































































































































































































Fic. 8.—Electrocardiogram showing significant left axis deviation in post-partum cardiomyopathy. 


is directed away from the infarcted area; in the case of antero-lateral infarction the initial vect« 
would thus be downward and to the right. The terminal vector (terminal 0-04 sec.) would, « 
discussed above, be directed upwards and to the left. Thus in peri-infarction block the angle 

spread between the initial and terminal vectors usually exceeds 100°, whereas in other causes of le 
axis deviation it rarely exceeds 60° (Grant, 1957). 
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LEFT AXIS DEVIATION 


1G. 9.—Electrocardiogram in a case of cryptogenic cardiomyopathy, showing left bundle-branch block, and left 
axis deviation of both initial (I) and terminal (T) vectors. The terminal vector is further leftward than the 
initial vector. 


By virtue of the fact that myocardial infarction is extremely rare or virtually absent in the 
African population, peri-infarction block does not constitute any significant cause of left axis 
deviation. Indeed, we did not encounter one case of myocardial infarction in the 256 electro- 
cardiograms examined. Furthermore, we found only one example of peri-infarction block in all 
our cases of left axis deviation: this was in a patient with cryptogenic cardiomyopathy. Thus, as 
indicated by Davies and Evans (1960) peri-infarction block does not necessarily connote infarction 
in its literal meaning, as it may occur with fibrosis alone. The term should therefore be retained as 
an electrocardiographic conception alone. 


Advanced Left Ventricular Hypertrophy. This is sometimes associated with left axis deviation. 
However, as Grant (1957) has indicated “‘it is not the hypertrophy itself that produces the left axis 
deviation, because the majority of cases of even severe left ventricular hypertrophy have a normally 
directed mean QRS axis. Probably the myocardial fibrosis which so often accompanies marked 
left ventricular hypertrophy is responsible, by involving certain peripheral parts of the left ventricular 
conducting system.” This condition is analogous to what has previously been called “parietal 
block” (Segers et al., 1947; Alzamora-Castro et al., 1953). 

Davies and Evans (1960) found left axis deviation in only 8 of 50 patients with severe hyper- 
tension, 7 of whom either had chest pain or elecitrocardiographic evidence of myocardial infarction. 
Likewise, Grant (1956), after the exclusion of all cases of myocardial infarction, noted that left axis 
deviation did not necessarily correlate with the heart weight or body build. Nevertheless, the 
incidence of left axis deviation was higher among cases with hypertrophied left ventricles than 
among those with normal heart weights, and he attributed this to the myocardial fibrosis that 
accompanies severe left ventricular hypertrophy. 

In the present series 44 per cent of patients with hypertension showed left axis deviation. How- 
ever, it should be stressed that these were all advanced or long-standing cases of hypertension with 
cardiac failure, marked retinitis, and complicated in the majority of instances by renal disease, 
diabetes mellitus, or cerebral vascular accidents. Indeed, in those cases where hypertension was 
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Fic. 10.—Electrocardiograms of patient with cryptogenic cardiomyopathy. (A) Left bundle-branch block 
with normally directed initial (I) and terminal (T) vectors. (B) Five months later—leftward shift of the 
terminal vector, suggestive of peri-infarction block. 


the only or dominant feature, the axis usually fell within the normal range. The group with sig) I- 
ficant left axis deviation had a higher percentage of patients with marked elevation of the diasto ic 
pressure than the group with normal axes (Table 1). However, this is most unlikely to be due 0 
the raised diastolic pressure per se, otherwise it could reasonably be anticipated that no cases w! h 
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much rise of diastolic pressure would have normally directed axes. Rather, it is the structural change 
accompanying the raised diastolic pressure that is more likely to be the cause. 


Chronic Coronary Heart Disease. This also is a cause of left axis deviation by virtue of the fibrosis 
it produces. This is probably the cause of left axis deviation in the elderly patient where myocardial 
inf. rection and long-standing hyperte.sion can be excluded. As with myocardial infarction, chronic 
coronary heart disease is rare among the African population. Thus we found 3 patients (aged 103, 
65. and 49 years) where significant left axis deviation could possibly be attributed to chronic coronary 
he: ‘t disease. Significant left axis deviation was also found in 2 patients (aged 65 and 50 years) 
wl > presented with angina of effort. However, in our normal controls there were 12 men over 50 
ye: °s of age who did not show left axis deviation. Of the 200 normal subjects examined by Davies 
an Evans (1960), the three with left axis deviation were all over 40 years of age. We had one 
su! ject among our normal controls, a man aged 42, with AQRS of —30°; and although chronic 
co onary heart disease may have been a factor, we doubt this because, apart from the rarity of 
ch onic coronary heart disease in this population, he showed none of its stigmata. It may be 
po sible, as suggested by Manning (quoted by Grant, 1958) that this may be an example of a rare 
co genital malformation of the distal radicle of the left bundle branch. Subsequent to their 
in\ *stigations, Davies and Evans (1960) found left axis deviation in four young subjects with no 

ence of heart disease in whom this mechanism of congenital agenesis was postulated. 


Cardiomyopathy. Davies and Evans (1960) found left axis deviation in 16 (64°) of 25 cases with 

cure cardiomyopathy, They also found it in a number of cases of familial cardiomegaly, 
Fr edreich’s disease, cardiac amyloidosis, myotonia atrophica, and hemochromatosis. 

In our group of cryptogenic cardiomyopathy of the African, 46 per cent had significant left 
axis deviation, and 23 per cent had slight left axis deviation. Thus 69 per cent showed some 
devree of left axis deviation. The cases of cryptogenic cardiomyopathy included 5 with post- 
paitum heart disease whose axes were —50, —30, —10, +10, and +30 degrees. Autopsy in 
one of these (AQRS —30°) revealed a moderately enlarged heart (440 g.) with dilatation affecting 
principally the left ventricle. The left ventricular musculature was not unduly thickened, and 
measured 1-3 cm. at the outflow tract. There were three well-marked plaques of fibrous endocardial 
thickening in the left ventricle. One at the apex measured | cm. in diameter. Another was 
situated over the antero-lateral aspect halfway up the wall of the left ventricle to the left of the septum; 
it measured 0-31 cm., and extended laterally to the left for about | cm. A third small focus, 
which measured 0-4 cm. was situated immediately below the aortic valve. 

Analysis of the group comprising all consecutive cases of left axis deviation irrespective of cause 
revealed that cryptogenic cardiomyopathy was by far the commonest cause, viz., 48 per cent. The 
mechanism of left axis deviation in these cases is probably similar to that operating in myocardial 
infarction, chronic coronary heart disease, and advanced left ventricular hypertrophy, viz., involve- 
ment of the left bundle branch by fibrosis. 

Gross endomyocardial fibrosis is extremely rare in South Africa. Nevertheless, it could reason- 
ably be anticipated that the same mechanism would be operative in this condition, and that left 
axis deviation would likewise be a notable feature. Although no specific reference to axis deviation 
is mentioned, it is interesting to note that in the one electrocardiogram of endomyocardial fibrosis 
published by Turner and Manson-Bahr (1960) the AQRS is —40°. 

None of the cases of mitral regurgitation, pericardial effusion, and myxcedema showed any 
tendency whatsoever to left axis deviation. Thus the presence of left axis deviation would appear 
to be of considerable help in excluding these conditions. Further differentiating features are the 
low voltage in pericardial effusion and myxcedema, and the fact that T waves in V5 and V6 were 
always upright in mitral regurgitation, whereas in the majority of cases of cryptogenic cardiomyo- 
pathy they were inverted. 

Williams and Somers (1960) in a study of electrocardiographic abnormalities in endomyocardial 
fibrosis describe non-specific changes without referring to changes in AQRS. They stress the 
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difficulty of distinguishing endomyocardial fibrosis from chronic rheumatic mitral disease a) 
pericarditis, a difficulty previously noted by Ball et al. (1954). However, as with cryptogei 
cardiomyopathy the presence of left axis deviation may well be a distinguishing feature and warra: 
further investigation. 

It is apparent that in the local African cryptogenic cardiomyopathy is the commonest cat , 
of left axis deviation. This is in contrast to the Caucasian where myocardial infarction a 
coronary heart disease are the chief causes of left axis deviation. Thus in an African pati 
presenting with cardiomegaly in the absence of advanced hypertension, the presence of left a. is 
deviation is suggestive of cryptogenic cardiomyopathy. 

It should be stressed that left axis deviation is not specific to any of the disease in which it occu s, 
but merely represents a conduction defect most commonly due to non-specific fibrosis. In t 
absence of myocardial infarction, coronary heart disease, and advanced hypertension, the preseri +e 
of left axis deviation, irrespective of race and particularly in the younger subject is a pointer tc a 
cardiomyopathy. 


SUMMARY 


The mean manifest frontal plane QRS and T wave axes (AQRS and AT) were studied in cases 
of cryptogenic cardiomyopathy in the African (Negro) and compared with cases of hypertension, 
mitral regurgitation, pericardial effusion, and myxcedema. 

Electrocardiograms of healthy African male orderlies and nurses attached to the hospital were 
used as normal controls. With one exception, AQRS in the normal controls was located between 
Oand +90°. Cases with cryptogenic cardiomyopathy showed a significantly high incidence of left axis 
deviation and formed the major etiological group of all causes of left axis deviation in the African. 

Significant left axis deviation (—30° or further leftward) was found only in those hypertensive 
patients who had advanced disease with complicating factors. 


The presence of left axis deviation may help to distinguish cryptogenic cardiomyopathy from 
pericardial effusion, myxcedema, or mitral regurgitation. In the absence of coronary heart disease 
and advanced hypertension the presence of left axis deviation is a pointer to a cardiomyopathy. 


We wish to express our thanks to Dr. I. Frack, Superintendent of Baragwanath Hospital for permission to publish 
these cases, Dr. E. Kahn for his helpful criticism of the manuscript, Dr. C. Isaacson for the pathological report, and 
Mr. A. Shevitz of the Photographic Dept. of the University of the Witwatersrand for the photographic reproductions. 
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FROPHYLACTIC QUINIDINE AFTER MYOCARDIAL INFARCTION 
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T. B. BEGG* 
“ e From the Royal Victoria Infirmary, Newcastle-upon-Tyne 
nee 7 Received January 2, 1961 
- It is widely accepted that the occurrence of myocardial infarction is becoming increasingly 
» coamon. The mortality rate is high and the immediate causes of death include prolonged shock, ‘3 
ca diac rupture, congestive cardiac failure, pulmonary embolism, and cerebral embolism, all of which 3 
sh »w clinical or post-mortem signs of their occurrence. In other cases death ensues during a recog- “3 
ases_ —} ni 2d episode of cardiac arrhythmia or death may be sudden and unexplained. In a preliminary a 
ion, sti dy of fatal cases of myocardial infarction (Begg, 1959, unpublished observations), approximately dl 
25 per cent of the deaths were found to be sudden and unexplained by the clinical signs or autopsy 
were — fintings. It is presumed that such deaths are due to cardiac arrhythmias, especially ventricular 
veen ff fibrillation, or perhaps to sudden cardiac arrest. 
axis > Since quinidine is known to be effective in abolishing recently established attacks of cardiac 
can. ff arihythmia of the irritative type as opposed to the heart-block type, and since there is clinical (Dock, 
sive —} 1929) and experimental evidence (Levine, H. D., 1932) that quinidine can prevent ventricular 
| fibrillation, it seems rational to administer quinidine routinely in those disorders in which ventricular 
rom f tachycardia and fibrillation are likely to occur. This was done by Borg (1939) and the result was 
ease [fF said to be a decrease in mortality from sudden unexplained causes. 
S. A. Levine (1932) advised giving 0-2 g. (3 grains) of quinidine sulphate 3 times a day for the first 
2 weeks after the onset of coronary thrombosis in most cases, and Kilgore (1933) made a practice 
ablish of prescribing the same doses for two months. Gold (1950) agreed that there was theoretical 
, and justification for this scheme of treatment but pointed out that there was no clinical proof of its 


tions. vaiue; since he was reluctant to use larger doses of quinidine for prophylactic treatment owing to 


its toxic effects, he compromised and prescribed 0-3 g. (5 grains) six-hourly whenever ectopic beats 
began to occur, and he increased the dose until the premature contractions were abolished, in the 
belief that such contractions heralded the more sinister ventricular tachycardia. He admitted, 
er,T., [ however, that investigation was required to establish the most effective form of quinidine therapy 
as a preventive of ventricular arrhythmia. Current practice in myocardial infarction varies a 
great deal and the opinions on routine quinidine therapy shade from nihilism through fear to en- 
thusiastic dogmatism. 
Objective evidence from clinical therapeutic trials is scanty. Cutts and Rapoport (1952) con- 
ducted a controlled trial on 211 patients and obtained no evidence that the routine use of quinidine 
(in various doses) affected the mortality rate. Boone and Pappas (1956) suggested that 0-2 g. of 
quinidine sulphate, every 3 hours while the patient is awake, might be effective in saving lives; they 
found a death-rate of 10 out of 63 patients receiving quinidine (169%) and of 44 out of 127 
patients who received no quinidine (35°%) (p<0-02). However, their study was retrospective 
and no effort was made to control the trial. The results are therefore not as valuable as those of 
Cutts and Rapoport (1952). 
Statistically acceptable evidence of the value of quinidine in myocardial infarction is therefore 
* Now at: Clinical Chemotherapeutic Research Unit of the Medical Research Council, Western Infirmary, 
Glasgow, W.1. 
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very scanty and there is need for further trials, if possible on a larger scale. It is difficult to obt: 
sufficient cases of proved myocardial infarction in any one hospital and a co-ordinated trial ir 
series of hospitals would be ideal. The present trial was carried out on the four medical units 
one large infirmary and it may serve as a useful pattern for larger studies. 


MATERIAL AND METHODS 


The trial was confined to patients admitted directly to the medical wards of the Royal Victo 
Infirmary, Newcastle-upon-Tyne, in the 12 months from June 1959 until June 1960. All who h. 
a history and clinical signs suggestive of myocardial infarction occurring or recurring in the 
hours prior to admission were included. Most of the patients were admitted as routine emergenc 
and a few had been seen on domiciliary visits. No proof of infarction was demanded at this sta 
Patients who required treatment with quinidine or procaine amide immediately after admission to 
abolish an arrhythmia were not considered for inclusion in the trial. 

Patients were allocated to a quinidine treated or to a control group by means of serially numbered 
envelopes one of which was opened when the decision was made to include the patient in the trial. 
The numbers of quinidine treated and control patients were balanced within each medical unit aid 
for each unit by sex; there were therefore two bundles of envelopes for each medical unit; allocation 
was random and was also balanced for every six patients. “Control” patients received all the 
usual forms of treatment and “quinidine”’ patients received in addition quinidine sulphate by mouth 
in a dose of 0-3 g. (5 grains) 6-hourly, beginning immediately and continuing for 21 days. No placebo 
tablets were used since the two indices to be measured were mortality rate and incidence of arrhyth- 
mia and these do not appear to be subject to psychological influences. 

The organizer of the trial did not, of course, take over the clinical management of the patients 
and the clinicians in charge had freedom to give any treatment they wished, including the freedom 
to prescribe quinidine or procaine amide for a “‘control” patient if arrhythmia developed: in such 
an event the patient was then excluded from the trial. 

No attempt was made to standardize diets or other forms of treatment, but there were only 
minor variations from unit to unit and the balanced allocation of patients within units nullified any 
differences. Since anticoagulant therapy is a major determinant of mortality rate, only patients 
who received it were included in the final analysis. 

The demand for special information was kept to a minimum. The hour of admission was 
noted, the patient was examined daily, and special attention was paid to the presence of triple 
rhythm, pericardial friction, cardiac arrhythmia, cardiac failure, quinidine side-effects, or any other 
complications. Each patient was observed in hospital for 21 days. 

Every effort was made to confirm the diagnosis of recent myocardial infarction. A 12-lead 
electrocardiogram was taken as soon as was convenient (first day or next morning) and it was 
repeated one or more times 1t two- or three-day intervals, if it did not reveal signs of a recent infarct. 
Serum transaminase estimations were carried out within 24 hours, on the third day, seventh day, 
and after any recurrence of chest pain. In the event of death, autopsy examination was made in 
every possible case, in an attempt to confirm the presence of a recent infarct and to throw light 
on the mode of death. 

The objective evidence confirming a recent myocardial infarct therefore came from the electro- 
cardiogram, serum transaminase levels, and post-mortem examination, and the diagnosis was ccn- 
sidered to be established if two or three of these methods gave diagnostic findings or if one gave 
characteristic and another highly suggestive results. Electrocardiographic “currents of injur’” 
with serial changes in T waves, with or without abnormal Q waves, were considered diagnos c. 
The upper limit of normal for the serum glutamic oxalo-acetic transaminase (SGOT) was taken as 
40 Fraenkel units per 100 ml. Transient elevations into the 31-40 units range were considered to 


be consistent with acute coronary insufficiency rather than myocardial infarction (Rowell a id 
Smith, 1959). 
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PRE-TREATMENT ANALYSIS 


In the 12 months, 141 patients were admitted to the trial with a clinical diagnosis of recent 
myocardial infarction, of whom 66 were allotted to the quinidine-treated group and 75 to the control 
grup (Table I). 109 of the patients were men. Recent myocardial infarction was considered 
to »¢ proven in 97 cases and was probable in 10. Other diagnoses were established or suspected in 
the remaining 34 patients, and these included acute coronary insufficiency, hiatus hernia, acute 
ch lecystitis, etc. Only 70 of the 97 patients with proven infarcts qualified for the final analysis in 
th: . they received anticoagulant therapy and completed the three weeks’ trial or died before that 
tin. Table II lists the reasons for the exclusion of the 27 patients. The decision not to give 


TABLE I 
ANALYSIS OF THE GROUP OF 141 PATIENTS ADMITTED TO TRIAL 





Both sexes | Men Women 





ered Total number admitted to trial .. 109 32 
trial. Quinidine group é Ne 

and Control group ue 

. Proven recent infarcts .. ne mm | 26 
ition Probable recent infarcts .. 
| the Other diagnoses 
outh 
cebo 


nyth- 





TABLE II 
CAUSES FOR REJECTION OF 27 PATIENTS FOR ANALYSIS AMONG THE GROUP OF 97 PROVEN INFARCTS 


| 
Proven infarcts | Proven infarcts, treated | Proven infarcts rejected 
>dom with anticoagulants 
. who completed 21 days 
such or died 





‘ients 





only § 97 70 | 27 
d any 





2 Reasons for rejection of patients with proven infarcts. 

tients (a) No anticoagulants 14 (d) Quinidine toxicity 2 
: (b) Anticoagulants stopped 2 (e) Discharged before 3 weeks 4 

(c) Quinidine given to a (f) Other reasons 2 

1was & control patient 3 

triple 


other 





anticoagulant eliminated 14; only 2 were excluded because of severe quinidine toxicity; 2 control 
lead patients were excluded because they required quinidine to control cardiac arrhythmia and one was 
> wan given quinidine in error. en 
farct. The distribution of the final 70 patients between the quinidine-treated and control groups is 
or unfortunately uneven, 26 in the former and 44 in the latter (Table III). 
ade in 


TABLE III 
y light 


Group OF 70 PATIENTS IN FINAL ANALYSIS 





| 
lectro- 


s ccn- Both ] Both M 

e gave oth sexes oth sexes en 

yjur’” & Total _ is a Bs 26 

Sst Cc. 

~ Arrhythmias 1 3* 3 
en 48 B Deaths... aa at an 7 (269%) | 12 (27:3%) 6 

‘red to Sudden and “‘arrhythmic” deaths 3 Gis) | | 9 (20-4%) 

Il aid Other deaths a a 4 | | | 


* Plus 2 who were given quinidine; i.e. 5 arrhythmias out of 46 patients. 
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Pre-treatment comparison of the two groups shows no significant difference as regards ° » 
the number with previous infarcts, or the condition on admission (Table IV). If a history of 
hypertension is unfavourable the quinidine-treated group were at a disadvantage having 8 hy; 
tensives out of 26 patients (31°%) in contrast to 8 out of 44 in the control group (18%). 


£ 


= 


TABLE IV 
PRE-TREATMENT COMPARISONS OF TREATED AND CONTROL GROUPS 























Quinidine | Control 
Both sexes | Men Women | Both sexes | Men 1. Wom - 
Age | 
40 0 0 0 0 0 0 
40-49 3 2 1 5 0 
50-59 7 6 1 16 14 2 
60-69 10 7 3 16 9 7 
70-79 6 4 2 6 3 3 
80 and over a, 0 0 0 1 0 1 
Average age aa ae 62:3 yrs 61-8 yrs 63-6 yrs 60-8 yrs 58-2 yrs 67-1 yrs 
Previous Infarcts | | 7 
Nil rs ” 4 21 (81%) 17 4 34 (77%) | 22 12 
One “= ate a 5 (9%) | 2 3 10 (23%) | 9 1 
Two or more aoe 0 0 0 0 | 0 0 
Condition on admission | | | 
Good .. op - 6 5 1 14 12 2 
Moderate ee rer 10 9 1 16 10 6 
Poor ec <s an 7 5 2 11 8 3 
Congestive Failure Ns 3 0 3 3 l 2 
Average score 
counting 1, 2, 3, 4 
respectively .. - 2:27 | 2:07 
Previous hypertension .. | 8 (31%) | | 8 (18%) | - 
RESULTS 


The results are summarized in Table III. Of the 26 quinidine-treated patients, only one devel- 
oped significant cardiac arrhythmia, in this case a fatal ventricular tachycardia: of the 44 control 
patients, 3 developed arrhythmia, and to this number must be added 2 control patients who required 
quinidine to control an attack of arrhythmia making the incidence 5 in 46 patients. The arrhyth- 
mias in the control group included atrial fibrillation (3 patients), partial and complete heart block 
(1 patient) and atrial flutter (1 patient). Two of these 5 patients died suddenly. Ectopic beats 
were not classified as an arrhythmia. The difference in the incidence of arrhythmia in the two 
groups is not significant (p>0-50), probably because of the small numbers involved. 

Seven of the 26 quinidine-treated patients died during the 21 days of the trial (26-99%) and 12 
of the 44 control patients (27-3°{); the difference in mortality rates is not significant (p>0-30). 
The incidence of sudden and unexplained deaths or of deaths during a bout of arrhythmia app:ars 
to be lower in the quinidine group (3 out of 26 patients, or 11-59%, against 9 out of 44, or 20---%) 
but this difference also is not significant (p>0-50). There is no evidence that quinidine was n ore 
effective in the under-60 or over-60 age group, or in the good risk or bad risk cases. The lez ‘ter 
subdivision was made on admission according to the criteria of Russek et al. (1951) except that tr ple 
rhythm was not regarded as increasing the risk (Tables V and VI). 

The time of the various deaths is shown in Table VII. The fact that no deaths occurred in the 
quinidine group in the first 24 hours compared with 4 in the control group is not significant (p>0-: '0). 
Toxic effects of quinidine were not troublesome. Of the 66 patients who had quinidine, on y 2 
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were forced to discontinue the drug, in both cases because of vomiting: one other patient developed 
arash on the twenty-first day which may have been due to quinidine. There were no other trouble- 
some side-effects. 


TABLE V 
ANALYSIS OF TREATED AND CONTROL GROUPS ACCORDING TO AGE 














Under 60 Over 60 
? ‘Total Deaths | Total Deaths 
Quinidine 10 2 (20-00%) 16 5 (31:2%) 
Control 21 6 (28-5%) 23 6 (26:1%) 
All patients 31 8 (25:8%) 39 11 (28-:2%) 
p>0-90 p>0-99 
TABLE VI 


ANALYSIS ACCORDING TO SEVERITY OF ATTACK 














Good risk Bad risk 
Total | Deaths _ Total a Deaths 

Quinidine 19 2 (10:5%) | 7 5 (71:-4%) 
Control 26 6 (23-1%) 18 6 (33:3%) 
Q+C 45 8 (17:7%) 25 11 (44:0%) 

p>0-30 p>0-20 

| 
TABLE VII 


ANALYSIS OF FATAL CASES ACCORDING TO DURATION OF SURVIVAL 





| 








Time of death Quinidine | Control 
First 6 hours 0 y 
6-24 hours 0 = 
24-48 hours .. 2 0 
48 hours-7 days 4 2 
8-14 days... 1 2 
15-21 days 0 4 
DISCUSSION 


The findings of this trial are entirely negative. That is, they provide no evidence that quinidine 
sulphate in a dose of 0-3 g. (5 grains) 6-hourly given for three weeks after a recent myocardial 
infarct has any influence on the mortality rate; this applies to the patients as a whole, to the good- 
tisk and bad-risk cases analysed separately, and to the under-60 as well as the over-60 age group. 
Nor is there statistically valid evidence that arrhythmias were reduced, but this conclusion is rather 
more tenuous in view of the small numbers and low incidence of such disorders. 

These findings run counter to what one might expect when one considers the pharmacological 
action of quinidine, but they are consistent with the clinical impression of many observers. It 
seems certain that routine quinidine has little or no contribution to make in comparison with other 
measures, and with anticoagulant therapy in particular. 

It is worth drawing attention to the mortality rate in this series, 27 per cent over all. From 
reports of anticoagulant therapy in recent years one has come to think of a much lower mortality 
tate in the early weeks in patients treated with anticoagulants: Manson and Fullerton (1956) quoted 
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7-8 per cent and Toohey (1958) quoted 13-6 per cent, for example, but these low figures are due ‘> 
the exclusion of all cases who died in the first 24 or 48 hours, and who are unlikely to be influenc: 4 
by anticoagulant therapy. The present study quotes the total mortality of proven cases of rece it 
infarction who reach hospital. 

The clinical diagnosis of recent myocardial infarction in the 141 cases in this series was confirm d 
beyond doubt in 97 instances, giving a diagnostic accuracy of 70 per cent. However, only 50 j =r 
cent (70 patients) satisfied the more rigid requirements of the final analysis. 

The fact that routine quinidine therapy is of unproven value does not, of course, detract fro n 
the value of the drug when it is used specifically to restore normal cardiac rhythm. Its value in 
this respect is widely accepted. 

Clinical trials similar to the present study but on a large scale might approach nearer to a fir al 
decision about the value of prophylactic quinidine after myocardial infarction. 


SUMMARY 


Twenty-six patients with a recent myocardial infarct were given quinidine sulphate 0-3 g. (5 graii.s) 
6-hourly for three weeks after admission to hospital, and 44 similar patients served as controls. 
Allocation to quinidine or control groups was random and the two groups were comparable on 
admission. Of the 26 quinidine-treated patients 7 died (26-99%) and 12 of the 44 control patients. 
(27:37). 

There is therefore no evidence from this small-scale trial that routine quinidine reduces the death- 
rate immediately after myocardial infarction; nor is there statistical evidence that it reduces the 
incidence of cardiac arrhythmias. 


I am grateful to Dr. J. Vallance-Owen and Dr. A. G. Ogilvie for their encouragement, to Mr. David Newell, 
statistician, for his assistance in the design of the trial, and to all the physicians of the Royal Victoria Infirmary, 
Newcastle-upon-Tyne for their active co-operation in allowing me to study patients under their care. 
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PROPHYLACTIC PROCAINE AMIDE IN MYOCARDIAL 
INFARCTION 


BY 


P. C. REYNELL 
From the Department of Cardiology, Bradford A Group Hospitals 


Received January 18, 1961 


Of patients with myocardial infarction who survive long enough to be admitted to hospital, 
tei per cent die suddenly and often unexpectedly (Wood, 1956). Whereas deaths from over- 
w.ielming shock, congestive cardiac failure, or cardiac rupture are usually inevitable, due to the 
missive destruction of cardiac muscle, the sudden deaths may be more tragic in that they may occur 
in patients with apparently good cardiac reserve who might otherwise have made good functional 
recoveries. Most of them probably die of ventricular fibrillation which is the cause of sudden 
death after experimental coronary occlusion (Harris, 1950). In man the diagnosis is usually inferen- 
tial as there are no diagnostic signs at autopsy, but ventricular fibrillation is found on the rare 
occasions when such patients die suddenly during cardiographic examination (Stroud and Feil, 
1948). 

Oral procaine amide may reverse abnormal ventricular rhythms (Kayden et al., 1951) and is 
said to be an effective prophylactic against abnormal rhythms during anaesthesia (Burstein, 1952). 
Wood (1956) writes “quinidine or pronestyl may be given by mouth as a prophylactic agent when 
the risk of ventricular fibrillation is great.” A controlled trial of prophylactic oral procaine amide 
was therefore undertaken in patients admitted to hospital with myocardial infarction. 


Methods. The patients constitute a consecutive personal series seen over a period of 24 years. 
All had pain in the chest and cardiographs showing pathological Q waves and/or significant elevation 
of the S-T segment. Patients with silent infarcts or T wave changes only were rejected, and also 
those in whom infarction had occurred more than four days before admission to hospital. In 
order to limit the possible causes of death, severely shocked patients and those with congestive 
cardiac failure or serious complicating disease were excluded. 

After the decision to accept him for the trial had been made, each patient was allocated by 
tossing a coin to treatment or control group. Two different dosage schedules were used consecu- 
tively (series 1 and 2) and each series of patients included concurrent untreated controls. Series 1 
consisted of 44 patients and those who were treated were given procaine amide, 0-5 g. four times a 
day, from the end of the first week after infarction until the end of the fourth week. Series 2 con- 
sisted of 62 patients and those who were treated were given procaine amide, 1-0 g. four times a 
day for the first week after admission, and 0-5 g. four times a day for a further week. 

Twelve-lead electrocardiographs and white cell counts were done weekly in all patients and all 
were treated with anticoagulants unless there was evidence of recently active peptic ulceration or 
bleeding while on the drugs. Treated and untreated groups were reasonably comparable in respect 
of age and sex (Table I). 
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TABLE I 
AGE AND SEX DISTRIBUTION OF THE TWO GROUPS 





Total Sex Age 





Men Women | Over 60 | Under 60 





Patients given procaine amide poh 51 42 9 | 27 24 
Controls as ‘3 e as 55 39 16 30 25 
| 





COMPARISON OF RESULTS 


Deaths 


The number of deaths was the same in treated and untreated groups (Table II). In series 
there was one death in a treated patient and one in a control, and in series 2 there were four deaths 
among treated patients and four among controls. On clinical grounds the deaths could be sub- 
divided into two groups. 

1. Death from Delayed Shock (Cases 5, 7, 10), when hypotensive shock supervened after admis- 
sion to the trial. Extension or recurrence of infarction seemed the likely explanation and two of 
the patients had severe retrosternal pain during the terminal episode. 

2. Sudden Death (Cases 1, 2, 3, 4, 6, 8, 9), presumed due to ventricular fibrillation. There were 
four deaths in this category among the treated group and three among the controls. 











TABLE II 
DEATHS IN TREATED AND CONTROL GROUPS 
Cause of death Delayed shock | Sudden death Total 
Patients on procaine amide - 1 4 S 
Controls Sa “is ; 


. | 2 3 5- 





A post-mortem examination was made in all the treated patients who died. In each case the 
findings were those of coronary occlusion with infarction without any major complicating lesion that 
might have contributed to death. 

Brief notes on the fatal cases are given below. 


Treated Patients. 1. Man, aged 55. Series 1. Bronchitis and mild left hemiparesis three days 
before admission. Admitted with chest pain, B.P. 110/70. Posterior infarction with heart block. 
Improved with reversion to sinus rhythm. Collapsed suddenly and died on 16th day. 

2. Man, aged 67. Series 2. Severe retrosternal pain on admission. Prodromal attack lasting 
30 minutes on previous day. B.P. 140/90. Antero-septal infarction. One week after admission 
collapsed suddenly and died within three minutes. 

3. Man, aged 71. Series 2. Two years angina of effort. Severe retrosternal pain on day cf 
admission. B.P. 110/85. Postero-lateral infarction. Made good progress until third day whe. 
he suddenly collapsed and died. 

4. Man, aged 53. Series 2. Hypertension for 8 years. Three attacks of severe angina :t 
rest during 24 hours before admission. B.P. 160/110. Posterior infarction. Recurrence of pai1 
on afternoon after admission; developed dyspnoea and basal crepitations; and given digitali. 
During next 48 hours dyspnea improved and pulse rate fell from 110 to 85 a minute. Sudde1 
collapse and death three days after admission. 

5. Man, aged 54. Series 2. Angina at rest 15 days before admission. woke with sever: 
retrosternal pain on day of admission. B.P. 120/80. Anterior infarction. Two or three sho t 
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attacks of dyspnoea during 48 hours after admission. Anticoagulants stopped on fifth day owing 
to hematuria. Ten days after admission collapsed with recurrence of pain and blood pressure 
that was unrecordable but rose to 120/100 after intravenous mephentermine: he remained clinically 
shocked until death three hours later. 

Untreated Patients. 6. Man, aged 63. Series 1. Mild angina of effort for one year. Attacks 
of retrosternal pain at rest for ten days culminating in more severe attack on admission. Moder- 
atcly shocked; B.P. 130/70. Posterior infarction with heart block. General condition remained 
poor with Cheyne-Stokes breathing at night. Sudden collapse and death 9 days after admission. 

7. Man, aged 69. Series 2. Coronary thrombosis ten months previously with angina of 
ef ort since. Pale and sweating with pain on admission. B.P. 90/60. Anterior infarction. Nine 
hc urs after admission, recurrence of pain and blood pressure became unrecordable. No response 
tc mephentermine. Died in one hour. 

8. Man, aged 61. Series 2. Coronary thrombosis three months previously. Retrosternal 
p: n on day of admission. B.P. 105/80. Suddenly collapsed and died 92 hours after admission. 

9. Woman, aged 43. Series 2. Sudden onset of retrosternal pain in previously fit woman. 
B.». 180/100. Anterior infarction. Twelve hours after onset of pain, collapsed suddenly and 
di d within three minutes. 

10. Woman, aged 71. Series 2. Angina of effort for eleven years. Onset with left-sided 
chest pain. B.P. 120/70. Some ectopic beats. Two days after admission, further attack of pain. 
Cc llapsed on following day; B.P. 50/?. No response to oxygen and mephentermine, and died one 
ani a half hours later. 


an 


Abnormal Rhythms 


In tabulating the incidence of abnormal rhythms (Table III), the results in series 1 and 2 have 
been combined. Only the arrhythmias recorded in the routine weekly cardiographs have been 


TABLE Ill 
ABNORMAL RHYTHMS IN TREATED AND CONTROL GROUPS 





Minor Major Total 





arrhythmia arrhythmia 
Patients on procaine amide ae 8 2 10 
Controls a ee: 5 = 5 7 12 





included. This naturally underestimates the true incidence, but it seemed the only possible com- 
pletely objective basis for comparison between the two groups. Cardiographs recording less than 
three ectopic beats per record were classified as “minor abnormalities”. The major abnormalities 
were all records showing multiple ectopic beats except for one from a control patient showing par- 
oxysmal atrial tachycardia. Abnormal rhythms were recorded in ten of the treated patients and 
twelve of the controls. Minor abnormalities were a little commoner among the treated group and 
major abnormalities among the controls, but the difference is not impressive. 

Side Effects. The only untoward side effects were gastro-intestinal. Vomiting, diarrhoea, or 
abdominal pain occurred in three patients on one gram of procaine amide q.i.d., but the symptoms 
subsided when the dose was halved. Alarming granulopenia was not seen. 


DISCUSSION 


Although there has been no previously recorded trial of procaine amide, quinidine has been 
given prophylactically to patients with myocardial infarction with the object of preventing ventricular 
fibrillation. Boone and Pappas (1956) were impressed with the results, but Cutts and Rapoport 
(1952) found that deaths from ventricular fibrillation were not reduced. There has, however, 
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tion of the drug. 


The present trial indicates that oral procaine amide in the doses used did not protect again 
ventricular fibrillation in myocardial infarction. It is possible that it reduced the number 
major arrhythmias and that larger or more frequent doses might have been beneficial, but o 
gram six-hourly approaches the limit of what is practical for routine prophylaxis if undesirat 


been no scientifically acceptable trial of quinidine using simultaneous controls with random alloc 





side effects are to be avoided. The risk of agranulocytosis can never be excluded (Inouye ef a _., 


1951) and, at £2 per patient, the treatment is costly. 


SUMMARY 


A controlled trial of oral procaine amide given prophylactically to patients with myocard 
infarction indicated that the drug did not reduce the mortality or the incidence of major abnorn 


rhythms. 


il 
il 


I am grateful to Messrs. E. R. Squibb and Sons for a supply of pronestyl and to my registrars and house physici:.ns 


for their loyal co-operation throughout the trial. 
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CARDIAC OUTPUT IN NORMAL MEN DURING STEADY-STATE 
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Measurement of cardiac output by various methods in both health and disease has received 
c msiderable attention lately. Because of the understandable hesitancy of investigators to subject 
rormal subjects to prolonged, vigorous exercise in the upright position during cardiac catheteriza- 
ton, few observations of man’s cardiac output in his normal exercising position have been made 
(Chapman and Fraser, 1954; Mitchell et a/., 1958; Sproule et al., 1960). Circumvention of the 
dangers inherent in determination of output by the Fick principle by means of a safe and relatively 
s mple technique would allow valuable study of this important problem. 

The advent of accurate and simple indicator dilution technique has provided investigators with 
a possible solution to this problem. This report presents the results of 64 determinations of cardiac 
output by the dye-dilution method in 12 normal men during 20-minute periods of steady-state 
treadmill exercise. Twenty-three additional determinations were made in 11 of them during a 
subsequent 20-minute exercise period. The reliability of the method in resting and exercising 
subjects is discussed. Additional application of the technique will be presented in a subsequent 
communication (Levy et al., 1961). 


MATERIALS AND METHODS 


Subjects and their Preparation. Twelve male university undergraduate and medical students 
ranging in age from 20-26 years were studied. Anthropometric data for these subjects appear in 
Table I. Several days before the actual cardiac output determinations, each subject was required 
to perform two 20-minute, steady-state walks on the motor-driven treadmill at a speed of 3 miles 
an hour on a 4-degree grade. The following procedure was invariably followed for the output 
study itself: prior to the performance of exercise, a +17 Rochester needle was inserted into a median 
cubital vein and connected by a 3-way Luer-lock stop-cock to a saline infusion. Following this a 
Riley arterial needle was inserted into the brachial artery of the opposite arm, and the needle 
threaded for its full length up the artery. This arm was strapped to an armboard, taking great care 
not to compress any vascular channels. 

Instrumentation. Cardio-green dyet was used for all indicator dilution curves. Injection of the 
dye via the 3-way stopcock into the indwelling Rochester needle in the cubital vein was effected from 
previously-calibrated glass chamberst varying from 1-53 to 1-58 ml. content including the volume 
of a one-way stopcock which was connected to a 10 ml. Luer-lock syringe. This syringe was filled 

* This investigation was carried out during the tenures of a Post-doctoral Research Fellowship of the National Heart Institute (Dr. Levy), 
and a Daland Medical Research Fellowship of the American Philosophical Society (Dr. Hanson). Work was supported by Training Grant 
HTS 5286 and Research Grant H—4010(C1) of the National Heart Institute, Bethesda, Maryland. 


+ Manufactured by Hynson, Westcott and Dunning, Baltimore,, Md. 
¢ Manufactured for this purpose by Becton-Dickinson Co, Rutherford, N. J. 
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TABLE I 
ANTHROPOMETRIC DATA 





















































Subject Age | Sex | Height Weight Surface area 

| | in. | Ib. m.2 

1. JG. 23 ~«|~SOUM 6:5 | 170 | 1-92 

2. D.B. 24 «| OM 71:3 | 143 1:84 

3. PR. 2 #=+| #3M 60 | 158 1-87 

4.GY. | 22 M | 72:3 | 182 2-05 

5. PW. 20 | 0M | 710 | 170 1-96 

6FZ. | 26 | M | 683 | 170 1-92 

7. M.B. 2 | M | m3 | 181 2-02 

a Fz. 24 | M 71-0 | 177 2-00 

9. T.H. 2 =| M 673. | 187 1-98 

10. A.B. 23 | M 673 | 152 1-82 
11. D.A. 2 | M | 718 | 179 | 2-03 
12. R.G. 2 | M | 723 (16 1-97 





with sterile saline to effect rapid and complete injection of the dye. During intervals between dye 
injections the venous needle was kept open with a continuous saline drip. 

Dye curves were recorded using the Waters XC-50B cuvette, the output of this cuvette being 
amplified in the oximeter-dye curve amplifier of the Electronics for Medicine DR-8 photographic 
research recorder. Paper speed of 5 mm./sec. was used with superimposed 1-sec. time lines for all 
curves. An example of the curves obtained during a 20-minute walk in one subject is shown in 
Fig. 1. 

The Waters cuvette was attached to the indwelling arterial needle by means of a glass adapter 
tip and plastic connecting tube. Arterial samples were withdrawn through the cuvette at rates of 
30-40 ml./min., a speed sufficient to obliterate all arterial pulsation on the oximeter baseline. The 
entire system was cleared with heparinized saline after inscription of each dye curve, and great care 
was taken to insure patency of the arterial needle and cleanliness of its hub. 

Fifty ml. of arterial blood were withdrawn from each subject. Various dilutions of dye were 
made with aliquot blood samples, and duplicate calibration curves made with the cuvette for each 
subject. A zero line and a minimum of two concentration values were plotted for each deter- 
mination. Cardiac output was calculated by the method of Hamilton et a/. (1932). Mean values 
and standard deviations were established for the cardiac outputs. 

Procedure. Dye injection and arterial sampling were performed in each subject as close «s 
technically possible to the 3rd, Sth, 7th, 9th, 12th, 15th, and 20th minutes of the steady-state wa'k 
which was performed at a speed of 3 miles an hour on a 4-degree grade. Occasional outputs weve 
recorded during the first two minutes of some walks. Following a 20-30 minute rest, 10 subjec‘s 
repeated their walk, and cardiac output was determined at the 10th and 12th minutes. 

All subjects breathed through a Rudolph high-velocity valve attached to a previously-describ: d 
(Tabakin and Hanson, 1960) collecting system of 150-litre Douglas bags. Although expired air 
collections were not made during the output determinations, they were performed through this san e 
system on a subsequent identical treadmill walk to determine the constancy of ventilatory stead ’- 
state for each subject. 
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Fic. 1.—Series of 7 consecutive indicator-dilution curves in Subject 4 
(G.Y.) during 20-minute treadmill walk. 


TABLE II 


CARDIAC OUTPUT IN LITRES A MINUTE DURING 20-MINUTE EXERCISE PERIODS 


CARDIAC OUTPUT DURING STEADY-STATE TREADMILL EXERCISE 




































































Subject Time—minutes 

nie | 1-2 | 34 ‘| so | 7-8 | 9-10 12-13 | 15-16 | 19-20 ‘Mean | S.D. 
JIG. | — | 10] 19 | — | 13-2 | 118 | 13-9 | 13-7 | 126 | 1-2 
2. D.B. — | — | — | 9 | at | ans | — | 113 | as | 0-4 
3. PR. 40] — | 150} — | 139] — | — | — | 143 | 0-6 
4. G.Y. — | 149 | 14-7 | 20-4 | 200 | 18:3 | 158 | 166 | 17:2 | 2-4 
5. P.W. — — | 15-7 | 144 | 140 | 150 | — | 148 | 0-7 
6. F.Z. as ae 77) 79 | Wt | 94 | 125 | 104 | 98 | 19 
7. MB. — | — | 153 | — | — | 128 | 13-6 | 15:3 | 143 | 13 
8. TLL. 126 | — | 151 | 140 | 149 | 108 | 17-1 | 15:2 | 142 | 2-0 
9. T.H. 124 | — | 225 | 15-4 | 20-5 | 18-8 | — | 15-1 | 18:5 | 26 
10. A.B. — | 13-4 } 126 | — | 150 | 143 | — | 166 | 144 | 16 
11. D.A. — | 94] — | 106 | 101 | 130 | 15-6 | — | 1-7 | 255 
12. R.G. — | 139 | 150 | 120 | 129 | 


15-9 | 13-6 | 
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RESULTS 

Values for the cardiac output determinations during the 20-minute walks are presented n 
Table II. As seen in Fig. 2, considerable variation in cardiac output calculated according o 
Hamilton was evident during the prolonged exercise. Not only did cardiac output vary wit! n 
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Fic. 2.—Variations in cardiac output in 12 subjects over 20-minute periods of treadmill exercise. 
the group between extremes of 7-7—22-5 1./min., but fluctuations as great as 7-0 1./min. were observed 
in some individuals. Of the total 12 subjects, 7 (Cases 1, 2, 3, 5, 7, 10 and 12) maintained reasonably 


steady output levels, the greatest variation between any two determinations being 4-0 1./min., and 
from the mean 2-2 1./min. The remaining 5 subjects all demonstrated a circulatory steady stite 
during portions of this prolonged walk, but could not maintain a constant cardiac output througho it. 
This is typified by Case 8 whose output level was very steady during the first 10 minutes of ‘he 
walk, but subsequently both decreased and increased greatly. These results contrast with those 
of the ventilatory studies (Table III) in which all 12 subjects maintained a steady state as evidenced 
by variations from the mean of 0-5-9-5 per cent for minute volume, 1-0—5-0 per cent for oxys en 
uptake, and 2-0-4-5 per cent for carbon dioxide elimination during their later walks. 

From the total of 87 outputs, the pairs that were performed within two minutes of e<ch 
other have been compared (Fig. 3). Such paired values showed only a 3-8 per cent average deviati 9n 
from their mean, and as shown by the r value of 0-89, a high degree of correlation was found. In 
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addition, comparison of cardiac outputs in the same subject obtained at the 10th minute of two 
suiccessive walks was made, and gave a value of r=0-64 (Fig. 4). 
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DISCUSSION 


Reliability of indicator dilution curves in determining cardiac output and the close correlation 
o this method with the Fick principle has been discussed by many investigators (Hamilton et al., 
148; Werk6 et al., 1949; Doyle et al., 1953; Neeley et al., 1954; Richardson et al., 1959; Kopelman 
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Fic. 3.—Correlation between all cardiac outputs performed 
within two minutes of each other in the same subject. 
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Fic. 4.—Correlation of cardiac outputs in same subject de- 


termined at the 10th minute of two separate 20-minute walks. 
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and Lee, 1951). In the present investigation, reproducibility of results in paired determinations wa 
considered more important than correlation with the Fick principle. To establish reproducibilit 
in our hands, duplicate resting cardiac output determinations were made in 15 consecutive cardia 
patients seen in this faculty. The r value of these pairs was 0-999, and the average deviation 170 m 
The high degree of correlation (r=0-89) between such pairs taken during exercise has already bee 
mentioned. Further assurance of reliability is provided by the fact that all outputs in this repo: 
were calculated from sharp curves (Fig. 1), each of which when plotted on semi-log paper gave 
straight-line descending slope of the curve. 

Use of the “‘forward triangle’”’ method for calculation of cardiac output has been suggeste 
(Hetzel et al., 1958), at least for those curves in which recirculation occurs early, or is not separate | 
easily from the primary curve. In our study, such difficulty with curve analysis was not encountere: . 
and results of the Hetzel method are presented (Fig. 5) as an interesting comparison with those cf 
the more widely employed Hamilton calculation. The fairly good correlation of the two methoc ; 
agrees with earlier reports. 
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Fic. 5.—Correlation of values obtained for cardiac output when calculated by 
both method of Hamilton and “forward triangle”. Regression line for these 
values is plotted. 


Previous studies of cardiac output during exercise in normal subjects have in the main bee) 
restricted to recumbency (Kowalski et al., 1954; Freedman et al., 1955-56; Dexter et al., 1950-51; 
Hickam and Cargill, 1948; Donald et al., 1955; Barrott-Boyes and Wood, 1957). Attention ha: 
been focused primarily on differences between cardiac output at rest and after short periods c° 
exercise. Donald et al. (1955) have studied cardiac output in recumbent, exercising subjects an:! 
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noted the minute-by-minute variations over a five-minute period. However, to our knowledge, 
there are no reports that extend such “‘steady-state’’ observations in normal subjects beyond five 
minutes. In Donald’s study, exercise levels comparable with those of the present report in terms of 
oxygen uptake (Table III) were reached in eight subjects. Seven of these appeared to maintain a 
stcady cardiac output during the last four minutes of the five-minute walk. 


TABLE Ill 


VENTILATORY STUDIES 





Minute volume O2 uptake CO> elimination 
Subject # 1./min. $.T.P.D. ml./min. ml./min. 





s | & | 8 — 2 . 1 2 3 
1G. .. 25:3 27-9 30:7 1601 
DB. .. 24:4 23-1 22-1 











PR. .. 24-0 250 | 242 | 1200 





om. .. 23-1 246 | 249 | 1220 





Po. x 22:3 24-1 25-9 | 1099 





Pz. .. 28-6 277 | 283 1104 | 1014 





M.B. .. | 26:3 29-7 29-7 | 1278 | 1295 





: | ast we | Bo 1267 | 1162 











‘a 222 240 | 25-0 1212 | 1286 





€ 
7 
8 
9 
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me 34 e3 24:9 25°9 1050 | 1086 


DA. .. 29-8 300 | 300 | 1183 | 1278 
RG. .. 262 | 279 | 28-0 | 1182 | 1189 
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1=5th and 6th minutes of exercise 
2=11th and 12th minutes 

3=15th and 16th minutes 

4=20th minute 


Had the cardiac outputs in this study been determined only over a period of 5 to 10 minutes 
11 of the 12 subjects would be reported as maintaining a steady cardiac output. Furthermore, the 
high correlation shown in Fig. 3 between outputs done within 2 minutes of each other supports the 
conclusion that a steady state exists over short periods of exercise. However, in prolonging exercise 
for an additional 10 to 15 minutes, 4 of these 11 “‘steady”’ subjects showed wide variations in output. 

In the present study it was technically impossible to obtain simultaneous measurements of oxygen 
uptake and cardiac output. Although our subjects showed a ventilatory steady state in subsequent 
walks, we cannot exclude entirely the possibility of some variation in oxygen uptake during the 
actual output determinations. However, previous studies in this laboratory (Tabakin and Hanson, 
1960) have indicated that any normal subject will exhibit a steady ventilatory state in terms of 
oxygen uptake for any given 20-minute walk. If oxygen uptake was indeed steady during the out- 
put walks, we must assume that A-V oxygen changes occurred in the five subjects whose outputs 
varied. Weare unable to relate the specific roles of fatigue, regional blood flow change, and varia- 
tions in tissue oxygen extraction to our observations. Caution is urged in the interpretation and 
application of data in procedures demanding a circulatory steady state over long periods of time. 
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SUMMARY 


Eighty-seven cardiac output determinations have been carried out in 12 normal men us! 1g 
indicator-dilution techniques. All determinations were made during “steady-state” treadn ill 
exercise. Reliability of the method under these conditions has been demonstrated. Althov zh 
cardiac outputs were almost invariably steady for each subject for short time intervals, signific: nt 
variations were observed in five subjects when exercise was prolonged to 20 minutes. Th se 
observations assume importance in many investigations requiring attainment and maintenance of 
uniform cardiac output. 


The authors gratefully acknowledge the technical assistance of Drs. A. Caldwell, E. Caldwell, and L. Gettes; : nd 
also of Mrs. Reba J. Beecher, R.N., Mrs. Leona Amelia, R.N., and Mrs. Nellie Cairns. 
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(n recent years endomyocardial fibrosis has attracted increasing attention as an important cause 
of cart disease in the equatorial parts of Africa. Bedford and Konstam (1946) described the disease 
in Vest and East African troops; Davies in 1948 documented the pathology of the condition, and 
Ba.. et al. (1954) drew attention to the frequency of its occurrence and described in detail the clinical 
pic ure. Subsequently the workers at Kampala have reported the electrocardiographic and phono- 
car Jiographic findings (Williams and Somers, 1960; Somers and Williams, 1960). Other cases have 
bee reported in the Sudan (O’Brien, 1954); on the Gold Coast (Edington, 1954); in Ceylon 
(Nagaratnam and Dissanayake, 1959); in Kenya (Turner and Manson-Bahr, 1960), and in West 
Africa (Abrahams, 1959). The purpose of this paper is to describe the hemodynamic findings in a 
series of patients with endomyocardial fibrosis and relate these to the clinical findings. 

Fifteen patients were studied and the diagnosis made on clinical grounds. The ages ranged 
from eleven to fifty-five, seven were male and eight female. A clinical examination was made 
and an electrocardiogram and chest X-ray taken in all cases. Cardiac catheterization was carried 
out and the intracardiac pressures recorded by a Statham strain gauge connected to a transistor 
amplifier and photographic recorder. All measurements of pressure were made 5 cm. below the 
sternal angle. In selected cases phonocardiograms were taken with a photographic recorder. 
The circulation time from the right atrium to the ear was measured by injecting Coomassie-blue 
dye into the right atrium and recording its arrival at the ear with a photoelectric cell attached to the 
transilluminated ear (Gabe and Shillingford, 1961). 


RESULTS 


As Williams et al. (1954) have so well described, the disease particularly affects the endocardium 
and myocardium of the ventricles and involves the mitral and tricuspid valves to produce valvular 
regurgitation (Fig. 1). The lesions may occur separately or in any combination and the following 
cases, taken from the series, illustrate various ways in which the hemodynamic pattern may be 
disturbed. 


Case 10. Prominent Right Ventricular Involvement. African boy, aged 12 (Rundi tribe). For three 
months there had been swelling of abdomen, facial cedema, and cedema of the legs. There was no history 


of dyspnoea, cough, or palpitation, and none of rheumatic or other disease. The ascites only responded to 


frequent tapping. 
On examination, the patient’s face was swollen and he had gross cedema of the legs and ascites (Fig. 2). 
The pulse was regular at 100 a minute, and the blood pressure was 90/60. The jugular venous pressure was 
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Fic. 1.—Hearts taken at necropsy from four cases of endomyocardial fibrosis showing: (A) endocardial fibrosis of B axil] 
the right ventricle with normal tricuspid valve; (B) endocardial fibrosis of the left ventricle involving the mitral mu 
valve; (C) endomyocardial fibrosis of the right ventricle involving the papillary muscle of ‘the tricuspid va ve; : 
(D) endocardial fibrosis of the left ventricle with normal mitral valve. (By kind permission of Professor J. \. i field 


Davies.) 
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Fic. 2.—Case 10. Facial swelling, prominent liver enlargement and ascites are striking features 
of right ventricular obstruction from endomyocardial fibrosis. 


raised to the lobe of the ear with the patient sitting at an angle of 45° and showed a positive systolic pulsation. 
Th2 apex beat was in the fifth space and the apical impulse appeared to be normal. The right ventricular 
pu sation was not increased. The pulmonary second sound was increased, and there was a loud right 
veitricular third sound (Fig. 3). The liver was enlarged four fingers’ breadth below the costal margin and 
was firm and tender. The spleen was felt two fingers’ breadth below the left costal margin. 

The electrocardiogram showed right bundle- 
branch block with inversion or flattening of the T 
waves in the chest leads (Fig. 4). The X-ray of the 
chest showed a greatly enlarged cardiac shadow due 
particularly to enlargement of the left and right atria | | 2 3 
(Fig. 5). 

Cardiac Catheterization. The pulmonary capil- 


j 

| 
lary pressure was 16/10 mm. Hg. The pulmonary | i | 
arterial pressure was 22/15, the right ventricular aad 
22/15, and the right atrial 18/10. Theright ventri- | 


cular pressure pulse was grossly distorted and 
resembled that obtained from the right atrium, and 
it would appear that the right ventricle was con- 
tributing little to the circulation (Fig. 6). The right 
atrial pulse showed an impaired X descent that was 
compatible with the presence of tricuspid regurgi- 
tation. The right atrium to ear circulation time | 
was not increased at 8-5 seconds. 102 SEC 4 

Case 8. Predominant Mitral Regurgitation. An 
African man, aged 18 (Ganda tribe). His history 
was of precordial ache for one year, cough for three 
months, and dyspneea and palpitation. There was 
no history of rheumatic fever. 

On examination, the patient was orthopneeic but there was no oedema. The pulse was regular at 
100 a minute and the blood pressure was 100/70. The jugular venous pressure was not raised. The apex 
beat was in the seventh interspace in the anterior axillery line and there was a greatly increased left ventricular 
thrust. There was a systolic murmur (Grade V) with thrill best observed at the apex and radiating into the 
axilla. The systolic murmur included the aortic second sound and there was a low pitched early diastolic 
murmur with a third heart sound at the apex (Fig. 7). Crepitations were present at the bases of both lung 
fields. The liver was enlarged four fingers’ breadth, firm, and not tender, and the spleen enlarged one finger 
breadth below the costal margin. The electrocardiogram showed great left ventricular hypertrophy (Fig. 8). 
The X-ray of the chest showed generalized enlargement of the cardiac shadow with a great increase in size 
of the left atrium (Fig. 9). 


Fic. 3.—Case 10. Phonocardiogram recorded at 
lower end of sternum, showing third heart sound. 
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Fic. 4.—Case 10. 


Electrocardiogram showing right bundle-branch block and 
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Fic. 5.—Case 10. 
enlarged heart with great right and left atrial en- 


Radiograph of chest 
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Fic. 6.--Case 10. Pressure tracings taken at the time of cardiac catheterization (PA.=pulmonary artery. 
RV=right ventricle. RA=right atrium). 
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Fic. 7.—-Case 8. Phonocardiogram taken from apex of heart ((A) low frequency, (B) medium frequency 
tracing), showing systolic murmur, early diastolic murmur, and probable third sound. 





Cardiac Catheterization. The pulmonary capillary pressure was raised (33/10 mm. Hg.) with a pre- 
dominant systolic pulsation. The pulmonary arterial pressure was moderately raised at 57/25 as was 
the right ventricular systolic at 57; the right ventricular end diastolic and the right atrial pressures were within 
normal limits (Fig. 10). The right atrium to ear circulation time was 6-5 seconds. 

Case 11. Right Ventricular Involvement with Tricuspid Regurgitation. African man, aged 28 (Ruanda 
tribe). For three months he had had cough and dyspnoea followed by nocturnal dyspnoea. The patient 
complained of pain in the region of the liver, palpitation, and swelling of the legs. There was no history of 
theumatic infection. 

On examination, the patient was orthopneeic with considerable oedema of the legs and ascites. The 
jugular venous pressure was raised to the angle of the jaw (sitting at 45°) and showed a positive systolic 
pulsation. The pulse was regular at 80 a minute and the blood pressure was 110/70. The apex beat was in 
the sixth interspace in the mid-clavicular line and there was a marked right ventricular thrust. The pul- 
monary second sound was increased. At the lower end of the sternum there was a pansystolic murmur 
which radiated to the right of the sternum but not to the axilla. A third heart sound was present at the lower 
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Fic. 8.—Case 8. Electrocardiogram showing left ventricular hypertrophy. 





Fic. 9.—Radiograph of the chest, showing enlargement 
of the heart, especially of the left atrium. 
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} G. 10.—Case 8. Pressure tracings taken at the time of cardiac catheterization, showing positive systolic 
pulsation in the pulmonary capillary tracing and raised pulmonary arterial and right ventricular pressure 
(P.C.P.=pulmonary capillary pressure. P.A.=pulmonary artery. RV=right ventricle). 
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Fic. 11.—Case 11. Phonocardiogram taken at 
lower end of sternum, showing systolic murmur 
and third heart sound. 


end of the sternum (Fig. 11). The liver was tender, enlarged five fingers’ breadth below the costal margin, 
and pulsating. The spleen was felt two fingers’ breadth below the costal margin. 

The electrocardiogram showed inverted T waves in all the chest leads (Fig. 12). The X-ray showed 
generalized enlargement of the cardiac shadow, with a greatly enlarged right atrium (which was confirmed 
at the time of cardiac catheterization). 

Cardiac Catheterization. The pulmonary capillary pressure was 30/17 mm. Hg but a marked systolic 
pulsation was not present. The pulmonary arterial (65/30) and right ventricular (65/18) pressures were 
increased. The right atrial pressure was increased with an ‘‘a”’ wave of 20 mm. Hg, and showed markedly 
impaired X descent and a sharp diastolic dip to 8 mm. (Fig. 13). The circulation time from the right atrium 
to ear was 9-1 seconds. 
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Fic. 12.—Case 11. Electrocardiogram showing inverted T waves in all the chest leads. 


CLINICAL FINDINGS IN WHOLE GROUP OF PATIENTS 


The clinical and hemodynamic findings in all the patients are summarized in Table I. The 
history of these patients drawn from African tribes speaking different languages is often difficult 
to elicit but the chief complaints were of breathlessness, palpitation, cedema, and liver pain. A 
common treatment practised by the local African medicine men is to scarify the skin over the part of 
the body where there is pain or discomfort. In many cases of endomyocardial fibrosis, scarifications 
were present over the apex of the heart (for palpitation) and over the liver (for pain). The duration 
of history was approximately three months, but it must be remembered that only patients in the 
advanced state of the disease were seen in hospital and their recollections of time were probably 
not as accurate as would be the case of patients in the European population. 

On examination all fifteen patients had oedema of the legs and sacrum and this was severe in 
fourteen. Jaundice was not found in any. The pulse rate was usually raised to 90 to 100 a mimte 
and the sphygmomanometer showed a low pulse pressure corresponding to the pulse volume whch 
was small or within normal limits. In two patients the systolic and diastolic pressures were a little 
raised (150/100 and 140/110), but otherwise there was no systemic hypertension. A left ventricu ar 
heave was felt in eight patients with mitral regurgitation but in four others with this condition ‘he 
sign was absent. An increase in the right ventricular pulsation was noted in ten instances in assoc ia- 
tion with pulmonary hypertension. In these patients the pulmonary second sound was increas °d. 

A third heart sound heard at the apex and thought to arise in the left ventricle was present in all 
the fifteen patients. In nine a third sound was heard at the lower end of the sternum and vvas 
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associa: § murmur of tricuspid regurgitation was far less common and observed in only five cases. 
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Fic. 13.—Case 11. Pressure tracings taken at the time of cardiac catheterization, showing raised 
pulmonary arterial and right ventricular pressure. The X descent is impaired with a sharp Y dip in the 
right artial tracing. (PA.=pulmonary artery. RV.=right ventricle. RA.=right atrium). 
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Fic. 14.—Representative right atrial pressure tracings (see text). 


The systolic murmur of mitral regurgitation was 
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Radiography revealed an enlarged heart in every case. The atria were especially affected; 


and v/as— dilatation of the right was associated with the high venous pressure and of the left with mitral 
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L.V.=Left ventricle. 


R.V.=Right ventricle. 
R.A.=Right atrium. P.C.P.=Pulmonary capillary pressure. 


M.R.=Mitral regurgitation. 


L.A.=Left atrium. 
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P.A.P.=Pulmonary arterial pressure. 


R.V.P.=Right ventricular pressure. (All pressures in mm. Hg). Circulation 
time (Right atrium to ear). 


M.R. murmur graded 0 to +++. X-ray chamber enlargement graded 0 to +++. 








SHILLINGFORD AND SOMERS 





‘ Be ; at 
ros I SEC. ’ 


Fic. 15.—Representative right ventricular pressure tracings (see text). 


regurgitation. The left ventricle was prominent in eight patients and the right judged to be en- 
larged in ten, especially in those with pulmonary hypertension. The pulmonary conus was likewise 
enlarged in nine. 

Electrocardiography confirmed the presence of sinus rhythm in thirteen patients (with ventricular 
extrasystoles in two) and atrial fibrillation in two. P mitrale was present on six occasions in 
association with mitral regurgitation. Right ventricular preponderance was present in three and 
left preponderance in seven. Right bundle-branch block was found in one and non-specific flat 
or inverted T waves in thirteen out of the fifteen patients. 





HAMODYNAMIC FINDINGS IN WHOLE GROUP OF PATIENTS 


The Right Atrial Pulse and Venous Pressure. The venous and right atrial pressure was signi- 
ficantly raised in thirteen patients ranging from a mean pressure of 6 to 20 mm. Hg. The rig)it 
atrial pressure pulse in many cases showed the form usually associated with constriction of the rig’it 
ventricle (Hansen et al., 1951) in which the mean level of the pressure was raised and the X and Y 
descents relatively increased (Fig. 14). In six cases the X was lower than the Y descent, in two it 
was the same, and in five did not descend so low. In the other two the right atrial pulse was nt 
recorded for technical reasons. Although the “a” was prominent in several of the patients, aid 
as high as 25 mm. Hg in one, the rest of the pressure pulse was raised to a similar degree and in 1 0 
instance was an isolated increase in the “a” wave found. 

In four cases with an impaired X descent the murmur of tricuspid regurgitation was heard <n 
auscultation, and in these the raised X descent was thought to be due to associated tricuspid insuf i- 
ciency as well as constriction of the right ventricle. 
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The Right Ventricular Pressure Pulse. This pulse varied from near normal to a grossly distorted 
form. Fig. 12 shows a representative group of the wave forms found in our series. In nearly all 
the cases there was a raised end diastolic pressure with an early diastolic dip. With increasing 
severity, the early diastolic dip became more pronounced and the systolic pressure attenuated 
(Fig. 12 C); in the most severe form the right ventricular pulse resembled that found in the right 
atrium (Fig. 12D). 

The Pulmonary Capillary Pressure Pulse. All elements of this pulse were raised above normal in 
ter of our patients. Tracings from eight patients with advanced mitral regurgitation showed 
a\ ell marked positive systolic wave rising sometimes as high as 35 mm. Hg (Fig. 10). The diastolic 
di in patients with assumed constriction of the right ventricle was not so obvious as in the 
rig 1t atrial pressure pulse with constriction of the right ventricle. It was not possible by inspection 
of he pulmonary capillary pulse to distinguish constriction of the left ventricle from left ventricular 
ca diac failure due to other causes such as hypertension. 


DISCUSSION 


The general pattern of involvement of various regions of the heart was similar in this series to 
th se previously reported by Williams et a/. (1954). The left ventricle appeared to be affected to 
so 1e degree in all our patients and the right ventricle somewhat less often; the mitral valve was 
afi :cted in all but two patients and in more than half severe mitral regurgitation was diagnosed on 
cli tical, radiological, and hemodynamic grounds. The tricuspid valve was involved less often 
an 1 the clinical evidence of a murmur accompanied by impairment of the descent of the base pattern 
0: the right atrial pulse was only found in four instances. 

The development of mitral regurgitation was accompanied by a raised left atrial pressure and a 
positive systolic pulsation. This picture was always accompanied clinically by a loud pansystolic 
murmur going up to the second sound, and radiating to the axilla and followed by a third heart 
sound. In these patients the left ventricular impulse was usually heaving and displaced to the left. 
Occasionally the impulse was not so well felt, presumably owing to the myocardial fibrosis constricting 
the ventricle: this diminished amplitude of pulsation of the left ventricle in association with mitral 





e en- regurgitation was noted by Ball et al. (1954). Pulmonary hypertension, usually of moderate 
ewise degree, was found in the majority of patients. In one, in whom there was predominant mitral 

regurgitation it was as high as 90/30 mm. Hg. The raised pulmonary arterial pressure was accom- 
cular panied by a right ventricular heave and increase in the intensity of the pulmonary second sound 
ns in with the X-ray picture of a prominent pulmonary conus. Bedford and Konstam (1946) in their 
> and description of a series of 40 cases of unexplained heart failure in African troops serving in the Middle 
ic flat East, noted accentuation of the pulmonary second sound and a prominent pulmonary artery and 


conus on the X-ray. More recently Abrahams (1959) has emphasized the association of endomyo- 
cardial fibrosis in West Africans with the clinical signs and findings at cardiac catheterization of 
pulmonary hypertension, and noted pulmonary arterial systolic pressures as high as 90 mm. Hg. 


signi- The pulmonary hypertension accompanies a rise in the left atrial pressure, the latter being due 
right either to the constricting effect of the fibrosis in the wall of the left ventricle or the mitral valvular 
. rig'it incompetence. In none of our cases was there any evidence of significant mitral stenosis. 

and Y The right ventricular pulse was of considerable interest; all forms of pressure curve were observed, 
two it from normal to a grossly distorted form in which the curve resembled that obtained from the right 
as not atrium. The curves often showed a diastolic dip with a plateau form of raised end diastolic pressure; 


s, aid these closely resembled the right ventricular pressure pulse found in constrictive pericarditis (Hansen 
inio et al, 1951). In the extreme cases most of the function of the right heart appeared to be taken over 

by the right atrium. The raised mean venous pressure found in all these patients possibly contributed 
ard cn & ‘othe maintenance of the flow of blood through the lungs and into the left heart. The increase in 
nsuf i- diastolic dip and raised end diastolic pressure of the right ventricular pulse was always accompanied 
by a right ventricular third sound. 
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Right heart cardiac catheterization, although confirming the clinical findings, probably does n >t 
contribute greatly to the diagnosis of endomyocardial fibrosis. A raised pulmonary capilla -y 
pressure could be associated with left ventricular failure from causes other than endomyocard al 
fibrosis, as was found in one patient studied with a high pulmonary capillary pressure and thoug it 
to have endomyocardial fibrosis: subsequent necropsy examination revealed a hypertrophied a: d 
dilated left ventricle but no macroscopic evidence of endomyocardial fibrosis. It is possible tha a 
study of the right ventricular pulse may be of some value in separating endomyocardial fibrosis frc n 
constrictive pericarditis and other forms of cardiomyopathy. The presence of a grossly abnorn al 
right ventricular pulse would favour the diagnosis of endomyocardial fibrosis. 


SUMMARY 


Fifteen patients with endomyocardial fibrosis in East Africans have been studied clinically aiid 
by phonocardiography, electrocardiography, and cardiac catheterization. 

The disease particularly affects the endocardium and myocardium of the ventricles and may 
involve the mitral and tricuspid valves to produce valvular regurgitation. The lesions may occur 
separately or in any combination, and examples of each type are described. 

The patients presented with signs of heart failure including breathlessness, palpitation, oedema, 
ascites, and hepatic pain. The clinical findings were those of heart failure associated with a 
constrictive picture of either the right ventricle or the left ventricle; mitral regurgitation was a 
common finding and tricuspid regurgitation was found less often. 

Cardiac catheterization showed there was a raised left atrial pressure in the majority of cases 
with a moderately raised pulmonary artery pressure; in one instance the systolic pulmonary arterial 
pressure was as high as 90 mm. Hg. The right ventricular pressure curve showed in most patients a 
raised end diastolic pressure and when the disease was advanced a grossly abnormal pulse with 
attenuated systolic wave. The right atrial pressure was usually raised and often resembled that 
found in constrictive pericarditis. 

The relationship of the clinical picture to the hemodynamic findings is discussed. 


We should like to thank the Physicians at Mulago Hospital for help and access to their patients. We are grateful 
also to Professor Davies for his assistance and for the photographs of the pathological specimens, to Dr. Steiner for 
interpreting the X-rays, and to Mr. Robinson for his technical help. The work was supported in part by a grant 
from the East African Council for Medical Research. 


REFERENCES 


Abrahams, D. G. (1959). Lancet, 2, 111. 

Ball, J. D., Davies, J. N. P., and Williams, A. W. (1954). Lancet, 1, 1049. 
Bedford, D. E., and Konstam, G. L. S. (1946). Brit. Heart J., 8, 236. 
Davies, J. N. P. (1948). E. Afr. med. J., 25, 10. 

——, and Ball, J. D. (1955). Brit. Heart J., 17, 337. 

Edington, G. M. (1954). Trans. R. Soc. trop. Med. Hyg., 48, 419. 

Hansen, A. T., Eskilden, P., and Gotzsche, H. (1951). Circulation, 3, 881. 
Nagaratnam, N., and Dissanayake, R. U. P. (1959). Brit. Heart J., 21, 167. 
O’Brien, W. (1954). Brit. med. J., 11, 899. 

Gabe, I., and Shillingford, J. P. (1961). Brit. Heart J., 23, 271. 

Somers, K., and Williams, A. W. (1960). Brit. Heart J., 22, 546. 

Turner, P., and Manson-Bahr, P. E. C. (1960). Brit. Heart J., 22, 305. 
Williams, A. W., Ball, J. D., and Davies, J. N. P. (1954). Trans. R. Soc. trop. Med. Hyg., 48, 290. 
——., and Somers, K. (1960). Brit. Heart J., 22, 311. 







By 
¥ 
NY 









pos 
less 
“bl 
cyc 
infc 
in 


way 
imp 
mea 
whi 


met 
tion: 
that 








rom 
rrr al 


aid 


miy 
CC ur 


lema, 
ith a 
vas a 


cases 
‘terial 
ents a 

with 
1 that 


rateful 
ner for 
1 grant 





cor Oe eB ar ac ca 


BEA Abad 





A NEW DIAPHRAGMATIC STETHOSCOPE 
BY 


C. R. BURCH AND J. P. P. STOCK 


From the H. H. Wills Physics Laboratory, Bristol University, and the Stoke-on-Trent Hospital Group 


Received January 10, 1961 


The stethoscope that forms the subject of this paper was designed to give as great a response as 
p ssible to the range of frequencies from 250 to 1500 cycles. Standard commercial diaphragmatic 
st thoscopes are not designed for high sensitivity in this range, yet in clinical auscultation of the 
h: art, these frequencies are often of crucialimportance. We therefore decided to disregard previous 
p ictice and make a new design for a diaphragmatic stethoscope. 

With the new stethoscope, the higher frequency components of normal and abnormal heart 
sc unds and murmurs are heard with much greater clarity. In some patients it has enabled us to 
h ar faint high frequency murmurs and narrow splitting of sounds that were inaudible with an ordi- 
n. ry stethoscope. Detailed measurements, with full electronic instrumentation, of all the properties 
0! its acoustic circuit over a wide range of frequencies, under the condition of use, would almost 
certainly point the way to further improvement, and we hope that others with the necessary facilities 
may undertake research in this field. 


METHOD 


First, we must decide the frequency response at which to aim. We do not want the maximum 
possible response at every frequency, for this would overload the ear with low frequencies and so 
lessen its sensitivity to higher frequencies—for it is known that loud-pitched sounds have this 
“blanketing” effect. We aim, therefore, at a response increasing with frequency up to, say, 1000 
cycles—or possibly even 2000—and we are, indeed, accustomed to receive most of our verbal 
information in the range 200 to 2200 cycles (the telephone range). It will be surprising if we succeed 
in making the stethoscope too sensitive above 2000 cycles. 

Even at 1000 cycles, the length of the tube joining the chest-piece to the ears is of the order of a 
wavelength. We should think, therefore, in terms of guided wave (transmission line) theory and 
impedance matching. Presumably Nature has arranged that the auditory mechanism includes a 
meatus that is fairly free of reflections over a band of frequencies around 1000 cycles (the range to 
which the ear is most sensitive). 

The meatus is about 6 mm. in diameter and we should therefore use ear tubes about 6 mm. in dia- 
meter, joined by a Y-piece to a single tube 8-5 mm. (=6,/2 mm.) diameter so as to minimize reflec- 
tions at the meatus or the Y-piece. If we match the acoustic impedance of the diaphragm unit to 
that of the chest wall, we shall accept as much energy as possible from the wave reaching the chest 
surface. Since flesh has a density about 1000 times that of air and sound travels somewhat faster in 
flesh (like water) than in air, we must make the hole in the back of the diaphragm casing somewhat 
less than 1/1000 times the area of the diaphragm, if there is to be no reflection at the diaphragm and 
if the whole energy of the wave is to pass on as a plane wave travelling through the hole. Therefore 
we choose a hole of 1 mm. diameter for a 45 mm. diameter diaphragm. 

If we could make the space behind the diaphragm so small that the radial velocity of the air was 
at every point about the same as its velocity through the hole, we would have no standing wave and 
447 
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hence no unnecessary “dead” space. For a hole of 1 mm. diameter this would imply 0-25 mri. 
depth behind the diaphragm at the end of the hole and about 0-01 mm. half-way out, decreasing o 
zero at the edge of the diaphragm. A depth of 0:25 mm. may be practicable but 0-01 mm. certair y 
is not, since very slight pressure would bring the diaphragm into contact with the chest-pie: :. 
Therefore we cannot avoid a dead space and it is the dead space that principally controls t ie 
problem of impedance matching between the chest-piece and the 8-5 mm. ear tube. Its volume v II 
be of the order of 0-5 ml. and its capacitative impedance at 1000 cycles will be about twelve tim :s 
smaller than the resistive total impedance that we would like to have behind the diaphrag: 1. 
We shall, therefore, need to make the 1-8-5 mm. joining piece inductive. Rough calculation sho /s 
that a taper some 5 cm. long would give a resonant frequency of the order of 1000 cycles. Ti is 
would be the frequency of maximum response. (Even at resonance, the resistive component >f 
total impedance is unlikely to be too big.) Resonance may be expected to be fairly flat, because >f 
the resistive loading provided by the ear tube. 

A taper reamer of 11° 22’ included angle, already available, is used to make the joining tute. 
The hole is slightly rounded where it intersects with the front face of the chest-piece, which is fiat 
with an 18° bevelled edge: against this the diaphragm of X-ray film, emulsion outwards, is heid 
firmly by a screwed ring, so as to make it slightly convex and leaving about as small a dead space as is 
easily achievable. The inside of the tapered hole is polished longitudinally with rouge on a sliver 
of wood; turning marks are removed from the flat face of the chest-piece by scraping with a very 
carefully honed scraper, giving a sleeked mirror finish (the sleeks being less than a wavelength of 
light deep). 


CLINICAL TRIALS 


In clinical auscultation of the heart, the first model was found to behave much as had been 
expected. The higher frequencies were heard with much greater clarity than with an ordinary 
stethoscope. At the same time, the total volume of sound was rather low—presumably because of 
greater attenuation of extremely low frequencies (below 100 cycles). Several models were tried 
that differed in the size of the central hole, the slope of the tapered tube, and the angle of the bevel 
(which controls the convexity of the diaphragm and hence the volume of air behind it). We also 
tried different materials and thicknesses for the diaphragm. 

Comparison of the performance of different stethoscopes presents certain difficulties. The 
power of the human auditory mechanism is such that once a sign has been detected with one model, 
the same observer may readily hear it with an inferior model. Judgement of the relative efficiency 
of two models may then be influenced by personal bias. In selecting the best model, we tried to 
avoid bias by having two, sometimes three, trained observers and arranging that the models for 
testing were identical in external appearance and were tried on ten patients with suitable physical 
signs. 

As a result of these trials it was found that bakelite, 0-015 in. in thickness was superior to X-ray 
film for the diaphragm and that zy in. Tufnol (which is stiffer than bakelite) was better still. The 
angle of bevel that gave the smallest volume of air behind the diaphragm was the best. It was 
thought unwise to reduce the bevel angle below 18°. 

It is sometimes said that the optimal tubing for stethoscopes should have an internal diamet:r 
of 4 in. (Rappaport and Sprague, 1951). While this may possibly be true for low frequency sounds, 
it is certainly not true for high frequencies. The tubing of our first model was } in. in internal 
diameter. In order to avoid the necessity of carrying two stethoscopes, we compromised by usiig 
33; in. metal ear tubes connected by 0-159 in. internal diameter polythene tubes to the bell chest- 
piece and the new diaphragm chest-piece which were both mounted on a { in. two-way tap leadi: g 
to a suitable Y-piece. Inclinical use, the 0-159 in. tubing did not appear to impair the efficiency >f 
the bell and this finding was substantiated by audiometer curves (the frequency of the audiomet :r 
only went down to 120 cycles). The new diaphragm appeared to be somewhat more sensitive wi h 
this arrangement. 
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drawings (Fig. 1, 2, and 3). 


NEW DIAPHRAGMATIC STETHOSCOPE 


Mr. F. T. Bannister kindly made a facsimile of the first chest-piece for us and prepared engineering 
After verifying that the facsimile worked as well as the original when 
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used with similar Y-piece and tubing, we made clinical trials of various combinations of Y-piece 


size, tubing diameter, and ear-tube diameter. 
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Fic. 1.—Cross-section of body of chest-piece. This is made of brass. 
A=0-434 in. diameter. B=0-35 in. diameter. C=15/32 in. 
D=3/32 in. radius. E=9/32in. F=18°10’. G=1-655 in. 
diameter. H=1-23/64 in. diameter. K=1-447 in. L=40 turns 


per inch thread. 


The combination that we preferred has standard 
commercial ;°5 in. ear tubes, 0-159 in. polythene tubes, 14 in. 
long, connected to a standard commercial Y-piece with a 
2-way tap, both of bore 4 in. (giving a bell as an alternative). 
The tapered tube has been cut off 0-866 in. from the flat face 
and joined to the stub of 4 in. bore tubing cut off a few 
millimeters from the spherical body of the tap. The 
diaphragm is of Tufnol*, ¢¢ in. thickness. 

Preliminary measurements of the sensitivity of the com- 
bination of stethoscope and audiometer were made over 
frequencies ranging from 120 to 2000 cycles, using a standard 
audiometer crystal drive as the sound source, strapped to the 
under-side of the thigh just above the knee joint, while the 
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Fic. 2.—Details of bore of chest-piece. 
A=90°. C=0-046in. D=0-01 in. 
E=0-06 in. F=0-32 in. 
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Fic. 3.—General external arrangement of 
chest-piece with Tufnol diaphragm 
clamped in position by screwed 
ring. Gap between diaphragm and 
stethoscope at centre 0-0315 in. 


* Tufnol is bakelized linen fabric; it can be obtained from Tufnol, Ltd., Perry Barr, Birmingham. 
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chest-piece was applied to the anterior surface of the thigh. These measurements express a proper y 
of the’combination, and not a property of the stethoscope only; but the derived curves (Fig. 4 and §), 
in which the ratio, sensitivity of new to sensitivity of standard stethoscope, was plotted again t 
frequency, express a quantity nearly independent of the properties of the audiometer, but nt 
necessarily independent of the physical characteristics of the observer’s thigh, nor of the way he he d 
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Fic. 4.—Audiometer curves showing the relative stethoscope sensitivities of the 
new diaphragm compared with the bell (three observers). 
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Fic. 5.—Audiometer curves showing the relative stethoscope sensitivities of 
the new diaphragm compared with the standard diaphragm stethoscope 
(two observers). 
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The peak sensitivity of the new stethoscope is seen to be at a substantially 
gher frequency than that of an average commercial diaphragm chest-piece. At extremely low 
equencies, the bell is more sensitive than either. It is desirable, therefore, to mount a bell on a 
way tap as an alternative. 
The length of the tubing connecting the Y-piece to the head-piece was not found to be critical 
1d 14 in. seemed convenient. A number of points about the diaphragm itself require emphasis. 
ray film has sometimes been recommended as suitable material (Wood, 1956) but we find it is too 
‘ible. Sheet bakelite 0-015 in. thick is very much better. Unfortunately, manufacturers of 
thoscopes use two different thicknesses of bakelite sheet, 0-015 in. and 0-009 in., and would seem 
fit either indiscriminately. The 0-009 in. thick bakelite, like X-ray film, is too flexible. It is 
rth mentioning, moreover, that the suppliers may not possess micrometers, for on two occasions 
have ordered bakelite diaphragms 0-015 in. thick and have received the thinner variety in a 
‘kage labelled 0-015 in. If bakelite is used for the diaphragm, therefore, it is essential to verify 
t it is the correct thickness. It is perhaps not generally appreciated that the life of a bakelite 
phragm is limited. Once dented it loses its resilience and should be replaced. Perhaps more 
ortant is the liability of the diaphragm to insidious deterioration. In the majority of stetho- 
pes, when the diaphragm is clamped in position by the screwed ring, it is distorted with a convexity 
wards. After a few weeks a bakelite diaphragm tends to assume a permanent “set” so that it is 








nc longer under tension; worse still it may later develop a concave central depression. It is then 
fo ind to have completely lost its resilience and to be quite ineffective. Sheet Tufnol (;¢ in. thick) 
; proved a more suitable material. It attenuates low frequency sounds and has the advantage of 
di torting less easily than bakelite. We have found that the peak frequency sensitivity of the new 
thoscope, when fitted with a Tufnol diaphragm, is much less readily altered by minor variations 
in the pressure with which the stethoscope is applied to the chest wall. 

It is possible to make a reasonable approximation to the new stethoscope by filling the excess 
spice behind the diaphragm of a commercial model with plasticine, reducing the diameter of the 
ceitral hole to 1 mm. This is most easily done in the common commercial model in which the 
diaphragm, when clamped by the screwed ring, becomes convex outwards. A piece of wire 1 mm. 


h ‘ 


— 


Ss 


in diameter (19 wire gauge) is held perpendicularly in the 
central hole of the chest-piece and the whole of the cavity 
is filled round it with plasticine. The wire is then withdrawn, 
leaving a | mm. central hole. The surface of the plasticine 
should be flat and should be dusted with talcum powder to 
prevent it sticking to the diaphragm. When the diaphragm 
is clamped by the screwed ring its convexity leaves about 
the right air gap (Fig. 6). A stethoscope so treated will be 
found to attenuate low frequencies well and to have increased 
Sensitivity in the higher frequency range. For listening to 
low frequency sounds, it will then of course be essential to 
have a bell as an alternative. A rough assessment of the 
efficiency of this model can be made by listening to a “ noisy” 
heart murmur with the bell and diaphragm alternatively. If 
the diaphragm chest-piece is efficient, the frequency of the 
murmur should appear substantially higher, without reduc- 
tion in volume, than when heard with the bell. 


DISCUSSION 


We have already seen that the desirability of matching impedance at each of the junctions— 
chest wall and diaphragm-unit, tube, Y-piece, and ear tubes, meatus, and auditory mechanism—led 
to the design of the first model in which we aimed at the best match possible at each junction assum- 
ing that the match at every other junction was perfect. This approach, though reasonable in a 
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oe _ Diaphragm. 








Fic. 6.—Cross-section of standard 
commercial diaphragm chest-piece with 
the excess scalloped space behind the 
diaphragm filled with plasticine to leave 
a 1 mm. centre hole. 
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preliminary design, is a considerable over-simplification. It is not surprising, therefore, that son e 
experimental modifications improve its performance in clinical application. 

The stiffer diaphragm will reduce the sensitivity to extremely low frequencies, and over a certa 
range of frequencies may help to reduce the inevitable mismatching of impedance between chest w: 
and air. Polythene tubing stretches less easily than rubber; for this reason and also because it s 
smoother, we would expect its use to reduce acoustic damping. It may also have lower acous! 
hysteresis. The degree of polish needed in acoustic systems may be judged by two main criteri . 
First, the mean free path of air molecules. Ifthe surface irregularities measure less than this (10-5 cn 
we may regard the polish as good enough; since this is nearly smooth enough to make a gox 


mirror. Secondly, a less severe criterion is the shear wave attenuation distance ,/¥e , where v 


kinematic viscosity of air, i.e. viscosity/density (0-143 cm.?sec.~'), and P is iieliaenaiiins This s 
(roughly) the thickness of the more or less stagnant layer of air near the walls of the device: it s 
about 0-05 mm. for 1000 cycles and 0-15 mm. for 100 cycles. Hence it is not a negligible fracticn 
of the space behind the diaphragm and also of the radius of the 1 mm. hole. Surface irregularitics 
that are comparable with the shear wave attenuation distance are presumably too big. This :s 
why we regard a fairly good turned finish as inadequate. 

The Tapered Tube. We have examined the rather heavy algebraic formule that express (when 
viscosity is neglected) the admittance of a tapered tube connected to a parallel tube terminated in a 
reflection free manner. The tapered tube does not depart much in behaviour from a simple series 
inductance till it is a wavelength or more long. It does not form an impedance transformer, 
whereby a narrow tube can be joined with negligible reflection to a wide one, until both the tapered 
length and the distance to the vertex are many wavelengths long. We made the inductance of our 
tapered tube to suit the chest-piece for the desired mode of resonance. (The term “venturi” for this 
tube is perhaps best avoided. The physics of steady flow is profoundly different from that of low 
amplitude sound waves and the reason for which one uses a venturi in steady flow—to avoid tur- 
bulence—does not arise in acoustics.) 

It is convenient in calculating the resonance to transform the acoustic quantities into their 
mathematical equivalents in the electrical analogue circuit so that the more familiar electrical 
formule may be used. This is done in the appendix (p.454), where it is shown that a resonance 
frequency around 1000 cycles may be expected and that the resonance will be rather broad. 


CLINICAL APPLICATIONS 


The increased sensitivity of the new stethoscope to high frequency sounds and its selective 
attenuation of the lower frequencies have useful applications in clinical auscultation. The majority 
of ejection and regurgitant systolic murmurs and mid-diastolic murmurs have their maximal ampli- 
tude in the low frequency range. Such murmurs are therefore best heard with a bell chest-piece. 
Soft mitral or tricuspid regurgitant murmurs, however, often have a higher frequency and are then 
much more readily heard with the new stethoscope which brings out clearly their late systolic 
crescendo. With a bell stethoscope it is sometimes difficult to detect the gap between the end of a 
mid-systolic murmur and the second sound. The attenuation of low frequency components of the 
murmur by the new stethoscope often enables the mid-systolic timing of the murmur to be more 
clearly identified. 

The early diastolic murmurs of aortic and pulmonary regurgitation are generally in the higher 
frequency range, especially when they are faint. On several occasions the new stethoscope his 
enabled us to hear such murmurs at a time when they were inaudible with standard diaphrag’n 
chest-pieces. 

The main clinical usefulness of the new diaphragm, however, lies in the clarity with which ‘t 
enables the high frequency components of normal and abnormal heart sounds to be heard. Asy:- 
chronous closure of atrio-ventricular or semilunar valves may be recognized clinically when the soun: s 
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of valve closure are heard to be separated or split (Leatham, 1954). The sound of valve closure 
consists of high frequency vibrations of brief duration spanned by longer lasting low frequency 
components. Wide splitting of heart sounds is readily detected, but when the split is narrow it 
tends to be obscured by overlapping of the low frequency components. With the new stethoscope, 
the low frequency sounds are weakened and the much briefer high frequency components are audible 
as sharp clear sounds. Very narrow splitting can thus be appreciated. Indeed, we have noted 
thit in many normal subjects the second heart sound remains narrowly split even at the end of 
x»iration, whereas with a standard diaphragm stethoscope it appears to be single. In many 
~« ients with systolic hypertension or ischemic heart disease, we have been able to hear “‘crossed”’ or 

*“\ phasic” splitting of the second heart sound during respiration; i.e. a narrowly split second sound 
t he end of expiration is heard to become single in mid-inspiration and to split again at the end of 

) oiration, the reverse taking place during the expiratory phase. This presumably indicates slight 
longation of left ventricular ejection with consequent delay in aortic valve closure. Thus, at the 

of expiration, the aortic valve closes just after the pulmonary valve. During inspiration the 

‘mal progressive prolongation of right ventricular ejection leads to pulmonary valve closure 

| t coinciding with aortic valve closure, and then following after it. The pulmonary element of the 
: ond sound migrates in the opposite direction during the expiratory phase. The resulting splits 

necessarily narrow and we have found great difficulty in detecting them with an ordinary stetho- 
> pe. 

The stethoscope is particularly useful in detecting normal and abnormal splitting of heart 

inds in the presence of low frequency murmurs. Paradoxical splitting of the second heart 
so ind (Gray, 1956) may be difficult to hear in aortic stenosis if the murmur spans the pulmonary 
element. A similar difficulty is commonly encountered in persistent ductus arteriosus. The 
atiznuation of low frequencies by the new diaphragm facilitates detection of the sign. 

The wide difference in frequency sensitivity between the bell and the diaphragm chest-piece is 
sometimes of considerable help in deciding the nature of a particular heart sound. For example, in 
mixed mitral stenosis and regurgitation, it is sometimes difficult to differentiate between an opening 
snap and a third sound at the apex. Since the latter is a low frequency sound, it is heard much more 
readily with the bell and may be inaudible with the diaphragm; the reverse, of course, is true of an 
opening snap. Differentiation between an atrial gallop sound and physiological splitting of the 
first sound can often be made by comparing the audibility of the sound with the bell and the dia- 
phragm chest-piece. 

It is true that the human auditory mechanism has considerable power of selection, a facility 
that can be appreciably improved by practice. Indeed, a skilled auscultator may claim that most 
of the signs we have mentioned can be heard with a simple bell stethoscope. It would, however, 
seem as illogical an aim to acquire auscultatory virtuosity with an insensitive stethoscope as to 
learn to palpate the abdomen with the gloved hand. 


SUMMARY 


The frequency components of heart sounds and murmurs between approximately 250 and 1500 
cycles appear to be of clinical importance. Standard commercial diaphragm stethoscopes are not 
designed for high sensitivity in this range. A new diaphragmatic stethoscope was therefore designed 
to have its maximum sensitivity around 1000 cycles. Electrical analogue formule were used to pre- 
dict the frequency of maximum response. Audiometer curves confirm that the new stethoscope 
is more sensitive in this frequency range than standard models. 

In clinical auscultation, the new stethoscope enables faint high frequency murmurs to be heard 
much more readily; it greatly facilitates the detection of narrow splitting of heart sounds. 

We present this work in the hope of inducing others with more time and facilities to make a 
more searching investigation of the ideal design for a stethoscope. 
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APPENDIX 


The Resonance—First Mode. For convenience in calculating the resonance, we may transform the acous: c 
quantities into their mathematical equivalents in the electrical analogue circuit so that the more famili r 
electrical formule can be used. An acoustic pressure of 1 dyne/cm.? then becomes a “pseudo-volt” .r 
“volt” and an acoustic flow of 1 ml./sec. becomes a “pseudo-amhp” or “y-amp.” (A “‘a-wati” 
denotes an acoustic power of | erg./sec., i.e. 0-1 microwatt.) 

In the frequency range to which the ear is most sensitive, we may suppose as a first approximation th :t 
reflection at the auditory meatus may be neglected. If we neglect viscosity the stethoscope tube, radius r, s 
equivalent to a loss-free transmission line of inductance per cm. length (inertial effect) p/7r? gram. cm. 5 
(=L,) where p is the density of air, together with capacity per cm. length (cushioning effec:) 
mr2/yP gram.~'sec.2cm.3 (=C,), where P is the atmospheric pressure and y is the ratio of the specific heats of 
air (c,/c,). Accordingly when the tube is terminated without reflection, its input impedance will be pureiy 


resistive and of amount R= J2 i.e. my 3 or _yP gram. cm.~4sec.~! (**s-ohms”’)—where a is the velociiy 
C; mr2) yP amr 


of sound. That is, pot? #-ohms. The inductance L of the tapered tube, radii r;, r2, length / is = 
r2 TV" 
3-82 x 10-4/ 


ryr2 


gram cm.~4 i.e. L= **j-henries.”” 


The capacity C of a dead space volume V ml. is - gram~'sec.2cm:4 i.e. C=7 x 10-7 “*-farads.” 
Y 


For our system r;+0-05 cm., r2=0-3 cm.; V=4 ml. We shall have therefore 
Resistance, R= 150 -ohms, 
Inductance, L=0-064 y-henries, 
Capacity, C=3-5 x 10-7 #-farads. 
, - 
There will be parallel circuit resonance when 1 pica 4 and this will occur when p=2 f=6681, 


giving a resonant frequency f of 1063 cycles/sec. The large value, 4 of shows that the resonance will be 


abroad one. The calculations should be regarded as giving orders of magnitude only because the estimation 
of dead space is only rough (the dead space changes appreciably when the chest-piece is pressed lightly 
against the chest), no correction has been made for viscosity, and, most important, the auditory meatus will 
not form a strictly reflection-free termination for the ear tube. 

The formule help to explain why the use of a 4 in. Y-piece instead of } in. improves the clinical perfor- 
mance. It will lower the resonant frequency and the content of heart-sound above 1000 cycles/sec. is relatively 
small. A tapered tube } mm. instead of 1 mm. diameter seemed slightly worse. 

The Resonance—Second Mode. At low frequencies the auditory meatus cannot form a reflection-free 
termination for the ear tubes (assuming the drum is imperforate). Thus its impedance must be principally 
capacitative. The preceding considerations will then cease to apply and there may be a second mode of 
resonance in which we have the capacity (and equivalent series resistance) of the meatus, the capacity of the 
chest-piece, the inductance of the tapered tube, and the inductance (with some distributed capacity) of the 
ear tubes, all in series. This is presumably the mode of resonance exploited in one variety of twin ches - 
piece stethoscope, both the bell and, to some extent, the diaphragm having larger capacities than the ches - 
piece that we describe, and being ordinarily used with narrower ear tubes (0-118 in. internal diameter 
measured; 0-125 in. nominal)—so that a resonant frequency may occur at a value low enough for the er 
to behave capacitatively, as postulated in the second mode. The length of the ear tubes may be importa t 
in this mode, because it controls the resonant frequency. 

In the first mode, on the other hand, with little reflection at the meatus, the length of the ear tubes s 
unimportant. 
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PROCEEDINGS OF THE BRITISH CARDIAC SOCIETY 


fhe FORTIETH ANNUAL GENERAL MEETING of the British Cardiac Society was held at Britsol 
on “hursday, April 13, 1961. The President, EVAN BEDForRD, took the Chair for Private Business. BRUCE 
Per xy, the Chairman, took the-Chair for the Scientific Meeting. 141 members and 32 visitors were present. 


PRIVATE BUSINESS 


1. ‘he Minutes of the last Annual General Meeting, having been published in the Journal (22, 585, 1960) 
were taken as read and confirmed. 


he Treasurer reported that the funds of the Society were in a satisfactory state and that there was 
£135 15s. 6d. in the current account. 


3. he following Extra-Ordinary Members were elected. 
Geoffrey Bourne William Evans 


4. ‘he following two new Members of the Council were elected in place of Oram and Wayne (term of office 
expired). 


~N 


Frances Gardner John Hay 


5. .ohn Shillingford was elected Secretary to follow Patrick Mounsey, and the Society recorded their great 
gratitude to Mounsey. 


6. ‘he following Associate Members were elected as Ordinary Members. 


D. W. Barritt R. W. Emanuel P. M. McAllen 
T. B. Counihan D. Emslie-Smith P. J. D. Snow 
L. G. Davies P. R. Fleming C. Symons 
R. S. Duff E. Fletcher P. Szekely 
7. The following new Associate Members were elected and introduced to the President and Chairman. 
I. M. Anderson (London) C. P. Lowther (Edinburgh) 
G. S. Graham (London) K. S. Mullard (Southampton) (S.M.) 
W. H. Hudson (Birmingham) C. P. Newcombe (Leeds) 
A. H. Kitchen (Edinburgh) E. A. F. Priest (Aberdeen) 
H. G. Lloyd-Thomas (London) O. Scott (Liverpool) 


8. The Autumn Meeting is to be held at the Middlesex Hospital on Friday, October 27, 1961 under the 
Chairmanship of Bruce Perry. 

9. It was decided to hold a Joint Meeting with the Thoracic Society on Friday, March 2, 1962 in London. 

10. The Annual General Meeting is to be held at Birmingham, under the Chairmanship of Brenner, on 
Thursday May 3, 1962. 

11. The 1963 Annual General Meeting is to be held in Dundee under the Chairmanship of Ian Hill. 

12. The Fourth World Congress of Cardiology will be held in Mexico from October 7 to 13, 1962 under the 
Chairmanship of Prof. Ignacio Chavez. 
DEMONSTRATIONS were held in Hall adjoining the Conference Hall. The Society dined together, with 

Bruce Perry in the Chair, at the Churchill Hall of Residence in the University. The Vice-Chancellor was 

present as a guest. Cosh proposed the health of the Chairman who replied. 


SCIENTIFIC BUSINESS 


POLYURIA IN PAROXYSMAL TACHYCARDIA 
By Paul Wood 


Polyuria is associated with paroxysmal tachycardia and paroxysmal atrial fibrillation in over 40 per cent 
of cases with normal hearts. The diuresis begins at once, becomes manifest in ten to thirty minutes, may 
continue for several hours, and stops immediately when the attack ends. 
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In paroxysmal atrial fibrillation polyuria is usually associated with a ventricular rate between 130 < id 
170. In paroxysmal tachycardia with polyuria the ventricular rate is usually between 180 and 280— st 
enough to cause syncope in several instances. 

The urine voided is considerable in quantity, pale in colour, of low specific gravity, and low in electroly s, 
It is obviously a water diuresis. 

Physiological studies demonstrate a conspicuous rise in left atrial mean and pulse pressures in the | r- 
cumstances described. Parallel studies on parox;‘smal nodal rhythm with giant cannon waves in both ft 
and right atria deny that an increased pulse pressure in either atrium or venous system is responsible. 

The data suggests that polyuria associated with rapid heart rates is due to an increase in the volum« of 
blood in the left atrium, and resembles the diuresis produced experimentally by inflating a balloon in at 
chamber (Pearce, 1961). 


THE AETIOLOGY OF COMPLETE HEART BLOCK 
By K. Shirley Smith and Max Zoob 


Little is known with certainty about the etiology of complete heart block. When this disorder is fo: 
in elderly people it is generally thought to have its origin in hypertensive or arteriosclerotic heart dise 
We believe that there is insufficient ground for such an assessment in many cases. 

We have studied a group of 20 patients with complete heart block from the standpoint of the history, «nd 
particularly any indication of cardiac infarction or other coronary disease, the clinical course, and the suc- 
cessive cardiographic changes. In only 6 of our patients was ischemic heart disease judged to be the cause; 
all had posterior cardiac infarction. In each case complete heart block gave place to sinus rhythm or atrial 
fibrillation except in one patient who died. At necropsy the posterior infarction with involvement of the 
septum was confirmed. 

There were 14 patients in whom the etiology of complete heart block was unknown. All were elderly 
and nothing in the past history suggested syphilis, rheumatic heart disease, congenital malformations, or the 
influence of drugs. All the patients except two had syncopal attacks and the period of survival of these 
ranged from three weeks to ten years. Return to sinus rhythm was not observed in any instance. The 
duration of block was 2, 5, and 11 years in three and in the remainder uncertain. In only two was there 
diastolic hypertension. In none of these patients was there any suggestion of cardiac infarction or angina. 

In conclusion, those patients in whom atrio-ventricular block occurs in the course of cardiac infarction 
have transient block. At the same time, although the functional link between the atria and ventricles is 
restored, various types of bundle-branch block or interventricular block may remain. In the majority of 
patients with heart block, however, and in all of those in whom the disorder persists, the etiology remains 
obscure and the assumption of an arteriosclerotic basis has little, if any, foundation. We think that a 
primary age-determined degeneration of the conducting tissues is the most likely cause of persistent heart 
block in the elderly. 
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CLINICAL AND HAMODYNAMIC PATTERNS IN ENDOMYOCARDIAL FIBROSIS 
By J. P. Shillingford and K. Somers (introduced). Published in full: Brit. Heart J., 23, 433. 


ANOMALIES OF THE AORTA AND PULMONARY ARTERY IN VENTRICULAR SEPTAL DEFECT 
By R. Pitman, J. Morgan (both introduced), R. E. Steiner, A. Hollman, and J. Goodwin 

Among 145 patients with ventricular septal defect, selective angiocardiography was performed in 57 and 
surgical closure of the defect in 83. Anomalies of the great vessels were found in 20, consisting of aorta and 
pulmonary trunk arising from the right ventricle (“‘double outlet” right ventricle) (7 patients), corrected 
transposition (9), and local anomalies of the pulmonary artery (4). In 12, the diagnosis was supported by 
operative and/or necropsy findings. 

The ‘‘double outlet” right ventricle was detectable only by selective right ventricular angiography or 
direct inspection. Cyanosis was not present unless there was either pulmonary stenosis or a raised pul- 
monary vascular resistance. In the angiogram both vessels filled simultaneously from the right ventricie, 
and their roots were superimposed in the lateral projection. The aorta lay close to the mid-line with ‘he 
pulmonary trunk to the left, the aortic valve being unusually high, and the left ventricular filling bei 1g 
insignificant in early films. 

Corrected transposition was diagnosed by the characteristic electrocardiogram and by the centrally plac 2d 
pulmonary trunk, high position of the tricuspid valve, and anatomical characteristics of the two ventric’ s. 

Anomalies of the pulmonary artery consisted of unilateral peripheral stenosis (2 cases), absent left m: in 
branch (1 case), and origin of the right main branch from the aorta (1 case). 
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The importance of selective angiography in the detection of these anomalies, and the implications of 
diagnosis in planning treatment were discussed. In particular the difficulties of diagnosis without angio- 
graphy of the “double outlet”’ right ventricle were stressed. 


THE SIGNIFICANCE OF ATYPICAL ELECTROCARDIOGRAMS IN ATRIO-VENTRICULAR AND 
ATRIAL SEPTAL DEFECT 
By Jane Somerville (introduced by Lawson Mc Donald) 

Che electrocardiogram has been examined in 70 patients with anatomically proven atrio-ventricular 
(A.V) defects; 11 had complete A-V canal and 59 atrial septal defect of the ostium primum type. Records 
fron 8 secundum atrial defects and 4 sinus venosus defects with atypical cardiographic features have been 
an lysed. 

-ifty-four patients with A-V defects showed the typical pattern of left axis deviation with counter clock- 
wi: » rotation in the frontal plane, prolonged P-R interval, and deformed P wave. Important differences in 
axi. deviation were found in the remaining 16 patients. Atypical cardiograms were associated with pul- 
mc iary artery or pulmonary valve stenosis, raised pulmonary vascular resistance, and infancy. The 
ch: ‘acteristic left axis shift was strikingly absent in very small primum defects, associated with mitral 
reg srgitation and left ventricular hypertrophy. 

eft axis deviation has been found in ostium secundum defects complicated by additional separate 
ver. ricular septal defects, systemic hypertension, coronary disease, and other causes of myocardial fibrosis. 
Ve: iricular ectopic beats and respiratory axis shift may simulate left axis deviation; a tendency to it in 
apy irently uncomplicated ostium secundum and sinus venosus defects has caused diagnostic problems. 

‘he significance of these findings was discussed with particular reference to accurate pre-operative 
dia: nosis. 
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PULMONARY OssIFIC NODULES IN MITRAL VALVE DISEASE 
By E. N. Chamberlain, E. P. Epstein (introduced), and E. Wyn Jones 
his communication has been published in full: Brit. Heart J., 23, 297. 


DIAGNOSIS AND TREATMENT OF TRICUSPID STENOSIS 
By Arthur Kitchen (introduced by Turner) 

Ina series of 500 patients treated by mitral valvotomy, a clinical diagnosis of severe tricuspid stenosis was 
considered to have been confirmed by cardiac catheterization in 17 and exploration of the valve was advised. 

In 10 of these cases stenosis was severe and in 4 of these greater than the degree of mitral stenosis. In 3 
others the valve just admitted the terminal phalanx of the index finger. A regurgitant jet was felt in 5 of 
this group but it was considered that important stenosis was present and valvotomy was carried out. 

In 4 cases the valve admitted more than the terminal phalanx and a regurgitant jet was felt. Valvotomy 
was carried out but it was considered that an error as regards the degree of stenosis had been made. 

Catheterization studies at rest and on exercise have been reviewed and the data on stroke volume, 
ventilation, and pulmonary and right heart pressures compared with a series of cases of mitral stenosis of 
comparable severity but without tricuspid disease. Criteria for the assessment of severity of tricuspid 
stenosis are discussed and related to operative findings. It is concluded that associated tricuspid regurgitation 
may invalidate the usual criteria. A prominent presystolic wave in the jugular pulse and also a large P wave 
can occur with predominant tricuspid regurgitation. Radiographic signs of pulmonary arterial and venous 
hypertension are not inconsistent with the presence of severe tricuspid stenosis and a large right atrium may 
be present in the absence of tricuspid disease. 

Of the 13 patients with severe tricuspid stenosis, 11 were improved by tricuspid and mitral valvotomy but 
it was impossible to assess the relative parts played by each procedure. Two patients died for reasons 
probably unrelated to tricuspid valvotomy. There was no evidence that tricuspid regurgitation was produced 
by the operation. 


ASSESSMENT OF AORTIC VALVE DISEASE BY RETROGRADE ARTERIAL CATHETERIZATION 
By Brian Robinson (introduced by Leatham) 

The increasing scope of aortic valve surgery has led to the investigation of patients with combined aortic 
stenosis and regurgitation. The information required consists of three main items: (1) the degree of obstruc- 
tion, (2) the degree of regurgitation, and (3) the anatomy of the valve. Thirty patients have been investigated 
by retrograde catheterization via the brachial artery. Twenty-one had some degree of aortic stenosis, 8 
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had aortic regurgitation only, one had normal valves. Retrograde catheterization of the aortic valve \ 
successful in 13 of the 21 patients with stenosis. In the last 14 attempts there have been only 2 failures. 

Having obtained the gradient in this way, the cardiac output is estimated and then cine-aortography | 
performed. The injection of contrast medium, timed to commence in early diastole is made just above 
aortic valve. The degree of regurgitation can be assessed and information obtained about the anatomy 
the valve. 

Thus in the course of one procedure both the functional and anatomical disorder of the diseased ao: c 
valve can be assessed. Retrograde catheterization appears superior to other methods of obtaining the ! ° 
ventricular pressure pulse, since in addition to the withdrawal tracing, aortography, which yields use 
complementary information, can easily be performed at the same time. 
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THE INTRACARDIAC PHONOCARDIOGRAM AND MICROMANOMETER IN CONGENITAL HEART DISEASE 
By D. W. Barritt, D. H. Davies, and F. J. Y. Wood (introduced) 


The apparatus, manufactured by Telco of Paris, consists of a micromanometer mounted at the tip o 
double-lumen cardiac catheter. The frequency range is from 0-1100 cycles per second. A freque: 
discriminator allows separate records of pressure and sounds to be made. The output is matched t 
multichannel photographic recorder. 

At the time of submission of this paper more than twenty cases of congenital heart disease have been 
investigated. Accurate records of pressure pulses are combined with sounds and murmurs in each heirt 
chamber and great vessel. The exact site of origin of murmurs and timing of individual valve sounds is 
made possible. 

In particular, the localization of pulmonary stenosis at the valve or infundibulum is facilitated. in 
atrial septal defect, the order of valve movements can be studied by recordings from both ventricles. 
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INTRACARDIAC ELECTROGRAPHY IN THE INVESTIGATION OF CONGENITAL HEART DISEASE 
By Hamish Watson 
Continuing improvement in surgical methods has shifted the emphasis in the investigation of congenital 
heart disease to ever younger children. By far the greatest mortality is in infancy and the neonatal period 
and a great saving of lives will be effected in this age group with the perfection of a heart-lung machine that 
will assist very small circulations. In anticipation, diagnostic techniques require some modification, and in 
very small children intracardiac electrography is of great help during cardiac catheterization. 


THE PULMONARY VEINS IN LEFT VENTRICULAR FAILURE 
By J. P. Lavender, J. Doppman, H. Shawdon (all introduced), and R. E. Steiner 

This communication presents evidence to show that in left ventricular failure there is an increase in size 
of the upper lobe pulmonary veins, compared with the lower lobe pulmonary veins. The pulmonary veins 
were measured on tomograms of the right lung and pulmonary venous angiograms were used to check 
measurements when available. In a series of 50 normal controls the ratio of upper to lower lobe vein 
measurements was always less than one. 

Thirty cases of mitral valvular disease were investigated because increase in the upper lobe veins has 
already been described in this disease. 70 per cent (21 cases) showed a ratio greater than 1-0 indicating 
comparative enlargement of the upper lobe veins. 

Forty cases of hypertension and aortic valve disease were investigated. Some of these had had recent 
pulmonary oedema while others had only exertional dyspnoea. 40 per cent (16 cases) showed a ratio 
greater than 1:0. Most of the cases showing an abnormal ratio were patients with long standing sympto- 
matology. There was little correlation with a recent history of pulmonary oedema. 

These findings indicate a response in the pulmonary venous calibre in long standing left ventricu!ar 
failure similar to that observed in mitral valve disease. It seems likely that this indicates an hemodynamic 
reaction to a raised left atrial pressure. 


THE EFFECT OF ORAL GUANETHIDINE ON THE RESPONSE OF THE BLOOD PRESSURE DURING 
SUPINE AND ERECT EXERCISE 
By S. H. Taylor, P. Robertson (introduced), D. Hutchison (introduced), and K. W. Donald 
Undesirable falls of arterial blood pressure during exercise have been described during the treatment of 
hypertensive patients with the newer sympathetic blocking drugs. However, most of these reports have be ’n 
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based on patients’ symptoms, and in those few instances in which the blood pressure has been measured, 
exercise has been in the supine posture and usually without pre-treatment control observations. The 
present investigation was designed to demonstrate the effects on the blood pressure and pulse rate 
of equivalent levels of supine and erect exercise in hypertensive patients, before and after treatment with oral 
guinethidine. Blood pressure, pulse rate, and oxygen uptake were measured during two successive periods 
of six minutes each of light and moderate leg exercise in the supine posture, and again while walking on a 
mc ving track, flat and inclined at 5° for six minutes each respectively. 

Before treatment supine exercise was usually associated with a greater increase in blood pressure than 
dv ing erect exercise at similar levels of oxygen uptake. Abrupt falls in the systolic and pulse pressure, 
as: ociated after an initial reduction with a rising diastolic pressure, were observed immediately following the 
up ight exercise. These marked changes were promptly reversed by sitting down and were never observed 
afi .r supine exercise. 

After adequate control of the blood pressure had been achieved with oral guanethidine the response of 
the blood pressure during exercise was modified. When compared with the pre-treatment response, the 
ris of blood pressure during supine exercise was of a lesser degree. During exercise in the erect posture 
th pattern of response, although at a lower level of pressure was similar to that before treatment. The 
ab upt fall in systolic pressure immediately after cessation of erect exercise was still observed, but the increase 
in he diastolic pressure (after its initial fall) observed in the pre-treatment study was largely abolished. In 
no instance did the diastolic pressure fall appreciably below the resting pre-exercise level. 
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FIBRINOLYSIN THERAPY OF CORONARY THROMBOSIS 
By H. A. Dewar, A. R. Horler, and A. J. Cassells-Smith (both introduced) 

On the basis of experimental work done by Ruegsegger and his colleagues on dogs, which showed that an 
act_ve and safe fibrinolytic preparation was now available that would dissolve an artificially-formed clot in 
the coronary artery and materially modify the histological changes in the resultant infarct, a controlled pilot 
study has been made of the use of the same preparation in the treatment of coronary thrombosis in man. 
The preparation has been shown to be safe and also active in the blood stream, and an attempt has been made 
by Jetailed study of transaminase curves and electrocardiograms to show whether the evolution of the infarct 
has in fact been modified by the treatment. The lessons learned from this pilot study, which are applicable 
to a projected large-scale trial were discussed. 


A COMPARISON OF SIMULTANEOUS EARPIECE AND CUVETTE DYE-DILUTION CURVES 
By Malcolm Towers, G. Wagner, Olivier Polis (all introduced), and Lawson McDonald 

It has been suggested that diagnostic information in dye-dilution curves, using a cuvette, cannot always be 
obtained with an earpiece. The obvious advantages of an earpiece at cardiac catheterization prompted us to 
investigate this matter. A series of curves was recorded in patients with congenital and rheumatic heart 
disease, after a single injection of dye, using simultaneously a cuvette and a high-stability earpiece. 

Curves obtained from the earpiece were always qualitatively similar to those from the cuvette. However, 
changes were more distinctly recorded in the cuvette-curves, which were therefore easier to interpret. The 
earpiece-curves sometimes appeared overdamped and their time of spread was uniformly greater, but they 
rarely failed to yield the same diagnostic information. The distortion in the earpiece-curves appears to be 
due to the passage of dye through many small vessels, as opposed to one large artery, when the cuvette is 
used. 

These results were discussed with particular regard to their practical application. 


PULMONARY ARTERY PRESSURE WAVE ANALYSIS: 
A METHOD OF ASSESSING PULMONARY VASCULAR ELASTIC RESISTANCE 
By D. Shaw (introduced by D. H. Davies) 

An intra-cardiac micromanometer has been tested and found to give instantaneous measurements of 
pressure changes. In routine cardiac catheterization, the micromanometer produces undamped pressure 
recordings that are relatively free from the artefact of the catheter movements inherent in the usual fluid- 
filled catheter system. The shape of the pulmonary artery pressure wave has been found to be remarkably 
constant in the individual patient and a study of the wave form has been made in various cardiac conditions. 
Particular attention has been paid to the rate of decline of pulmonary artery pressure after pulmonary valve 
closure, and the presence or absence of regular secondary pressure oscillations in the pulmonary trunk and 
2H 
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main branches of the pulmonary artery. A method of analysis was presented that allows an approxim: e 
estimate of pulmonary vascular elastic resistance (compliance) to be deduced from the pulmonary wa. - 
form. 


DEMONSTRATIONS 


THREE APPROACHES TO STETHOSCOPE DESIGN 
By C. R. Burch and J. P. Stock 


The frequency components of heart sounds and murmurs between approximately 250 and 1500 cyc ‘5 
appear to be of clinical importance. Standard commercial diaphragm stethoscopes are not designed | ir 
high sensitivity in this range. Three approaches to stethoscope design were discussed. The new diaphra; 
stethoscope was designed on transmission line theory to have its maximum sensitivity around 1000 cyc! 
Electrical analogue formule were used to predict the frequency of maximum response. Comparat. ve 
audiometer curves confirmed that the new stethoscope has increased sensitivity in this frequency range co.; 
pared with standard models. 

In clinical auscultation, the new stethoscope enables faint high frequency murmurs to be heard much 
more readily; it greatly facilitates the detection of narrow splitting of heart sounds and is particularly use/ul 
in detecting split sounds when they are spanned by loud murmurs. 
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THE ELECTROCARDIOGRAM IN VENTRICULAR SEPTAL DEFECT 
By A. Hollman and J. F. Goodwin 


The electrocardiogram has been studied in 84 patients whose ventricular septal defect had been surgically 
closed. The pulmonary artery mean pressure was measured at operation after the defect was closed and 
expressed as a percentage of the systemic mean pressure. This ratio was used as the index of the severity 
of pulmonary vascular disease and the patients were divided into three groups on this basis: (a) 10 to 29 per 
cent, 45 patients; (b) 30 to 49 per cent, 28 patients; and (c) 50 per cent and over, 11 patients. The main 
purpose of the present analysis is to assess the usefulness of the electrocardiogram in predicting the severity 
of pulmonary vascular disease in ventricular septal defect. 

The following main associations were noted. In leads V4-V7 a Q wave of 5 mm., or over was rare in the 
patients with severe residual pulmonary hypertension (group c) but a smaller Q wave was eommon both in 
this group and in those with a low pulmonary pressure after closure (group a). A tall R wave over 30 mm. 
was never seen in group c, but the presence and degree of peaking of the T wave gave little indication of the 
final hemodynamic result. The electrical axis was of some importance in that those patients (excluding 
ones with pulmonary stenosis) with an axis of +90° or over were almost three times as likely to be in group 
b and c as in group a. 

In lead V1 and rS pattern was common in group a, uncommon in b and rare inc. With an RS pattern 
there were more in group b, while with an Rs and R pattern appreciable numbers were found in group c. 
Partial and complete R.B.B.B. patterns were practically never found in group c. 

A curious finding in some was the presence in the limb leads of large diphasic complexes. This feature 
was mostly found among patients with an associated patent ductus or with more than one ventricular 
defect. 

It is concluded that the electrocardiogram is of value in predicting the hemodynamic response to clostire 
of a ventricular septal defect but that no one feature can be relied upon with absolute assurance. 


THE Low-FLOW AND THE HIGH-FLOW MITRAL DIASTOLIC MURMURS 
By P. G. F. Nixon 


Simultaneous phonocardiograms and left-heart pressure pulses were recorded in 60 patients with he 
pansystolic murmur of mitral regurgitation. Each was severely disabled from chronic rheumatic mi'‘<al 
valvular disease and atrial fibrillation. In half the patients the valve was examined at operation by Mr. G. H. 
Wooler. Two varieties of mitral diastolic murmur occurred. 

The Low-flow Mitral Diastolic Murmur begins at the opening snap with the onset of atrio-ventrict ‘ar 
flow. The vibrations begin quietly and tend to be of high frequency and low amplitude. The shape of he 
phonocardiogram is usually that of a long narrow rectangle. The murmur extends to the next carc ac 
cycle, no matter how long the duration of diastole. 
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The High-flow Mitral Diastolic Murmur resembles the flow murmurs of septal defects and the murmur 
described by C. F. Coombs. It begins at the left atrial annular ascent point, vibrations being absent during 
the major portion of the y descent that represents rapid atrial decompression. There is thus an interval 
between the opening snap and the onset of this murmur. The onset has explosive loudness marked by low 
frequency vibrations of large size which may form the third heart sound. The murmur ends when left 
at-ial and ventricular pressures equalize in the period of diastasis. 

The low-flow murmur appears to be a reliable sign of an obstructed mitral orifice measuring 1-5 cm. or 
le-s in diameter. The high-flow murmur occurs in the patient who is not amenable to treatment by valvo- 
to ny because his chief defect is mitral regurgitation. 

It is likely that the low-flow murmur beginning at the opening snap is caused by atrio-ventricular flow 
though an obstructed mitral orifice. The high-flow murmur begins at the annular ascent point at a time 
w en the atrium is largely decompressed. Possibly its vibrations arise when stiffened cusps are tensed in the 
st eam by abrupt elongation of the dilated ventricle. 


CALCIFICATION OF THE MITRAL VALVE 
By Clifton Lowther (introduced by Richard Turner) 


Of 500 patients proved at operation to have severe mitral stenosis, 145 had calcification of the mitral 
viive, an incidence of 29 per cent. The incidence increases with age and is higher in men (52°%) than in 
w ‘men (22%%). Eighty-five patients considered to have heavy calcification have been analysed as regards 
0] erative mortality and long term results. The diagnosis was made by radioscopy and correlation with 
su-gical findings was close. The operative mortality was 14 per cent but it is shown that this is largely due to 
associated adverse factors and that mortality due to calcification alone was not an important factor. 

Of 185 survivors of the operation followed for more than five years, 33 had heavy calcification. The 
result at the end of 5 years was classified as good in one-half of this number and as fairly good in one-sixth, 
that is to say worthwhile in two-thirds. In addition, some others were considerably improved for a period of 
2:04 years. At the end of 6 years, however, the results are less good. 

The incidence of traumatic (operative) mitral regurgitation has been no higher than in those without 
caicification. From the surgical point of view it is the disposition rather than the extent of the calcification 
that is important and fibrosis may present just as serious a hindrance to satisfactory commissurotomy. It 
has also been shown that associated adverse factors are largely responsible for the poorer long term results. 
It is concluded that heavy calcification is an undesirable feature, but by itself should never be a contra- 
indication to valvotomy. 














CASE REPORTS 


CORONARY EMBOLISM WITH INFARCTION 
IN BACTERIAL ENDOCARDITIS 


BY 


COLIN J. G. MENZIES 


From the Harwich and District Hospital 


One of the classical symptoms of subacute bacterial endocarditis is embolic occlusion of peri- 
pheral arterioles and, similarly, coronary embolism is becoming increasingly recognized as more 
common. A clinically recognizable attack of myocardial infarction due to a large coronary em- 
bolism is, however, an unusual complication. 

Coronary embolism due to subacute bacterial endocarditis was first described by Virchow in 
1856: Saphir (1935) reported finding coronary emboli microscopically in 18 of 35 cases of bacterial 
endocarditis, and de Nevasquez (1939) reported similar findings in 16 of his 20 cases. Garvin and 
Work (1939) described three cases of coronary embolism that they encountered in 12,300 consecutive 
necropsies, in each case the source of the emboli being an ulcerative endocarditis of either the 
aortic or the mitral valves: they added a fourth case, of sudden death of a man, where the necropsy 
revealed emboli, composed of material identical with that on the heart valves, present in branches 
of the left coronary artery. In none of these cases was the diagnosis made clinically. Saphir et al. 
(1950) similarly found 17 cases with embolic material in the small coronary divisions, and a further 
19 with ischemic necrosis in the myocardium, in their 76 cases of bacterial endocarditis. 

Perry (1952) studied the hearts of 52 cases of subacute bacterial endocarditis that were in the 
pathological collection of the Mayo Clinic, and concluded that miliary infarcts were the commonest 
lesion encountered, being found on microscopical examination in 47 (90°) of the cases. Brunson 
(1953) found that 125 of the 316 reported cases coming to necropsy showed evidence of coronary 
embolism due to the endocarditis: he described 9 cases of subacute bacterial endocarditis that he 
had studied, and as 7 of these had coronary emboli, he believed that this was relatively common if 
looked for. 

In contrast with the microscopic miliary infarcts and the post-mortem findings of scarring and 
necrosis of the myocardium, clinical evidence of coronary infarction is much less common. Cates 
and Christie (1951) in their review of the 442 patients with subacute bacterial endocarditis, treated 
in fourteen centres appointed by the Medical Research Council, found that coronary embolism 
was diagnosed during life in only 8, of whom 6 died, and post-mortem in another 8. 

Walker (1952), described a case in which death was due to the occlusion of the right coronary 
artery by large friable vegetations, which had almost completely replaced the aortic valves. Ravera 
(1952), made a cardiographic study of a fatal case in which there was an extensive coronary infarct, 
the bacterial endocarditis being revealed by the acute episode of the coronary occlusion, as in our 
case. Altana and Morrati (1954) reported a case, confirmed cardiographically, of myocardial 
infarction due to an embolism in a man, aged 37, with bacterial endocarditis: intensive and pr»- 
longed treatment with penicillin and heparin resulted in clinical recovery from both the infarctic n 
and the endocarditis. Nalimov (1957) reported that 9 of 125 cases of subacute bacterial endocardi'is 
were complicated by myocardial infarction, and in 7 this was confirmed by autopsy: the cause ws 
embolism, coronary endovasculitis, or a lesion of the aortic valve such as to block a coronary arte y 
464 
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at its origin. The occurrence of subacute bacterial endocarditis in a case of coronary thrombosis 
has also been described by various authors (Joffe, 1955 and Kedra, 1957). This possibility must be 
berne in mind, if, as in this case, the diagnosis of endocarditis is not made until after the coronary 
n arction has taken place. 


Case Report 


A woman, aged 23 years, was first seen by me in 1957, at the start of her second pregnancy. She gave 
a istory of rheumatism at the age of 12 years. She was completely free from any symptoms and led a full 
ac ive life. Examination revealed a loud harsh systolic murmur, maximal at the apex but audible over the 
ole cardiac area, and a soft diastolic murmur audible at the apex. The diagnosis made was mitral re- 
gu gitation due to rheumatic heart disease, with complete compensation. The pregnancy and confinement 
we e normal, and, against my advice, she even took a part time job in addition to her increased household 
dv ies. 

In September, 1959, the patient came to see me, complaining that she had had swellings of the joints 
fo the previous fortnight. She felt tired, and sweated a lot. Examination revealed a temperature of 
99 6° F. and pulse rate of 120 a minute. The heart sounds were unchanged. There was swelling of the left 
an le. A diagnosis of rheumatic fever was made, and the patient was sent home for complete bed rest and 
gi en soluble aspirin, 15 grains 6 hourly, and oral penicillin V, 250 mg. 6 hourly. With this regime she im- 
pr ved, until four days later she had a severe attack of acute retrosternal pain radiating down the left arm, 
an | an aching in her lower jaw. When seen shortly afterwards, she was shocked and in pain as described. 
A jiagnosis of coronary thrombosis was made, and the patient was given morphia and admitted to the 
H: rwich and District Hospital. 

An electrocardiogram (Fig. 1) confirmed the diagnosis of coronary occlusion, indicating a posterior 
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fo: DECEMBER 22” 1960 


Fic. 1.—Serial electrocardiograms. (A) Showing the high take off in leads II and III and inverted T wave in lead III 
(5/10/59). (B). Still showing similar changes in lead III but with the T wave flat in lead I (26/10/59). (C). 
Normal except for V4, which shows a Q wave and no R wave, residual evidence of an anterior infarct (22/12/60). 


infarction. At this stage some form of collagen disease seemed the most likely pathological process that 
would link up the findings, but no lupus erythematosis cells were found and the serum proteins and electro- 
phoretic pattern were normal. A catheter specimen of urine showed a trace of albumen, but no red cells. 
The hemoglobin was 78 per cent, the W.B.C. 10,000, and neutrophills 65 per cent. The E.S.R. was 120 mm. 
fall in one hour. Serum transaminase was 42 Sigma Frankel units/ml. Treatment with oral penicillin V, 
250 mg. q.q.h., and aspirin, 15 grains q.q.h., was continued. The patient’s condition improved. After 
ten days her temperature became normal, and her E.S.R. fell from 120 to 30-40 mm. an hour. 

After five weeks, the patient having recovered from her coronary occlusion, the oral penicillin was stopped, 
to see if it was masking a temperature, as subacute bacterial endocarditis was suspected. Seven days later 
she became pyrexial (see Fig. 2). A blood culture was taken, and this gave a growth of Streptococcus 
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Fic. 2.—Chart, showing the temperature and sedimentation rate (E.S.R.) in relation to the treatment adopted. 


viridans, sensitive to penicillin. At this stage it was noted that the soft tip of the spleen could just be felt. 
Now that the diagnosis of subacute bacterial endocarditis had been made, crystalline penicillin 1,000,000 
units 6 hourly, with prednisone and soluble aspirin were given. Thereafter the patient improved greatly. 
She looked and felt much better, and, in a further month, her E.S.R. had fallen to 7 mm. an hour. At this 
stage her penicillin was stopped and a gradual reduction in the steroid and salicylate therapy was made. 
The cardiogram had improved and the blood culture was negative. 

Screening of the heart and barium swallow on December 17th showed ‘increased amplitude of pulsation 
on the inferior aspect of the left ventricle in support of an area of infarction here.”” On discharge from 
hospital in December, the patient was well, and the heart sounds were unchanged from the time of «d- 
mission. The electrocardiogram had become nearly normal. 

She continued to be well and led a fairly active life until in early April, 1960, she got a recurrence of /:er 
symptoms of aching in the jaw, sweating, tachycardia, and joint pains. She was readmitted to this hosp tal 
and penicillin, 500,000 units i.m., 6 hourly, was recommenced. Blood culture (not taken, unfortunat« ly, 
until the next day) was sterile. After ten days the patient was considerably worse. Her temperatiire 
ranged up to 101° F., her pulse rate was about 120, and the E.S.R. rose from 45 to 100 mm. an hour. The 
soft tip of a spleen could be felt. The penicillin was increased to 1,000,000 units 6 hourly, and thereafi:r, 
the patient made an uneventful recovery. Despite the negative blood culture, it seems highly likely t at 
this second illness was a second attack of bacterial endocarditis. 

The patient’s intramuscular penicillin was continued for seven weeks, 1,000,000 units 6 hourly for ‘he 
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first five weeks and twice daily for the last two weeks, since when, the patient remained on oral penicillin 
V. 250 mg. bd. When last seen, the patient was well. A recent cardiogram (22/12/60) shows no evidence 
of a posterior infarct now, though V4 shows a Q and no R wave, residual evidence of an anterior infarct 
(Fig. 1C). 


Discussion 


One point of interest in this case is the fact that it is rare to get coronary occlusion in a woman 
u: der 40 years of age (Lewis, 1946). This statement refers, however, to coronary occlusion follow- 
ins atheroma, and as coronary embolism and coronary thrombosis are clinically indistinguishable, 
th: signs of bacterial endocarditis must be searched for in all cases of coronary infarction in young 
pople. Furthermore, the diagnosis must be made as early as possible, as the prognosis worsens 
if -reatment is delayed (Cates and Christie, 1951). 

It is not surprising to find that the additional complication of a large coronary infarct is so often 
le hal to a patient already suffering from bacterial endocarditis. Should the patient recover from 
bi th these conditions, the effect of the infarction might be expected to be less than the infarction 
fc lowing coronary thrombosis, the remaining vessels being healthier and supplying a better circula- 
tin. The return of the cardiogram to so near normal so quickly in our case might support this. 

It is interesting to see how the oral penicillin, which was given initially as a prophylactic measure 
for “rheumatic fever’ brought and kept the temperature down to normal (Fig. 2). Despite its use, 
th: organism remained sensitive to high doses of penicillin. The second attack so soon after the 
fist would seem to indicate that the penicillin had not been given for a sufficiently long time, though 
B..rritt and Gillespie (1960) suggest that each attack is a fresh infection. 

They also point out the importance of taking blood cultures before chemotherapy is instituted. 
A positive blood culture was obtained a month after the onset of the first attack, by discontinuing 
the oral penicillin for five days, during which time pyrexia developed, and a blood culture was 
taken. Intramuscular penicillin was then instituted immediately. From a diagnostic point of 
view it would have been more satisfactory and informative to have taken the blood culture on 
admission. At this stage, however, the patient was battling with a fairly severe attack of coronary 
infarction, and it did not seem justifiable to withhold any drug that might be helping her. On the 
other hand, as oral penicillin was effectively keeping the temperature normal, there seemed no point 
in clouding the issue further by giving the large doses of intramuscular penicillin necessary to 
eradicate the as yet unproven attack of subacute bacterial endocarditis. Furthermore, coronary 
infarction being such an unusual complication, the underlying subacute bacterial endocarditis was 
not initially suspected. 


Summary 


A case of coronary infarction occurring in a young married woman, with known rheumatic 
disease is described. Blood cultures grew Streptococcus viridans, which confirmed the diagnosis of 
subacute bacterial endocarditis. The infarction is thought to have been due to an embolism 
composed of vegetations from the diseased heart. The patient made a good recovery after a 
relapse. Other reported cases are discussed, but one similar to this is uncommon. 


| am indebted to Dr. S. A. Propert, Senior Physician, Colchester Group of Hospitals, for his help with the diagnosis 
and treatment of this case; to Dr. Charles Baker of Guy’s Hospital for seeing the patient and for his helpful criticism 
of the paper; and to the Matron and Staff of the Harwich and District Hospital. 
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DISAPPEARANCE OF THE CONTINUOUS MURMUR IN A CASE OF 
PATENT DUCTUS ARTERIOSUS 


BY 
DAVID W. EVANS and DONALD HEATH 


From the Queen Elizabeth Hospital, Birmingham, and the Department of Pathology, University of Birmingham 


The characteristic machinery murmur of patent ductus arteriosus may disappear as a result of 
s ontaneous closure of the ductus and sometimes in the elderly (Campbell, 1955). The development 
© pulmonary hypertension with balancing or reversal of the shunt after many years of flow from 
lc t to right is another rare cause of its disappearance (Evans and Short, 1958). This mechanism 
n ay account for absence of the murmur in some cases of patent ductus with cardiac failure (Gil- 
c \rist, 1945; Brown, 1950), though in other such cases there may never have been a truly continuous 
n urmur. 

The first description of a patient with patent ductus in whom a machinery murmur became 
i1 audible by the time pulmonary hypertension had developed was by Campbell and Hudson (1952). 
Two other such cases have been reported (Lukas et a/., 1954; Harris, 1955) and in one described 
by Burchell et a/. (1953) the intensity of the murmur greatly diminished although it did not entirely 
disappear. We report here another instance of total loss of the continuous murmur in these 
circumstances. 

Case Report 


The patient, a housewife, was first seen at the Cardiac Clinic in March 1951, when she was 30 years of 
age. She had no breathlessness or other disability at that time but stated that she had been known to have 
“heart trouble” all her life. At this first attendance she was found to have slight cardiac enlargement, a 
brachial blood pressure of 130/60 and a continuous murmur and thrill in the left second and third intercostal 
spaces. The electrocardiogram was normal. 

The patient failed to return to the clinic until December 1959 and was then admitted to hospital in cardiac 
failure. She had remained free of disability until 12 months previously when she first noticed breathlessness 
on exertion which thereafter steadily progressed. Ankle swelling first occurred only three weeks before 
admission. Clinical examination revealed distended neck veins, gross sacral and leg cedema, and a tender, 
enlarged liver: crepitations were heard at both lung bases. There was slight general cyanosis which was 
no more obvious in the feet than in the hands. The systemic blood pressure was 160/100. The pulse was 
regular and the apex beat located in the fifth left intercostal space just outside the mid-clavicular line. A 
right ventricular heave was palpable together with a diastolic shock to the left of the sternum. The second 
heart sound was loud and normally split. No murmurs were heard. A jugular phlebogram showed giant 
‘a’? waves and a phonocardiogram confirmed the split pulmonary second sound and the absence of murmurs. 
The electrocardiogram now showed right axis deviation and the changes of right ventricular hypertrophy. 
At cardioscopy gross cardiac enlargement affecting particularly the right ventricle and its outflow tract was 
seen; the hilar vessels were much enlarged and pulsated vigorously but the peripheral lung vessels appeared 
normal in size. The lung bases were congested. The chest radiograph is shown in Fig. 1. 

The patient responded at first to treatment including bedrest, a low-salt diet, digitalis and diuretics, and 
was well enough for cardiac catheterization to be carried out four weeks later. The results of this procedure 
(Table 1) indicated shunting from left to right at the time of the study with balanced pressures in the aorta 
and pulmonary artery. It was considered likely that a right-to-left shunt had operated at other times, 
especially during exertion, and the subsequent finding at necropsy of an ‘‘impingement plaque”’ supported 
this idea. Equally low oxygen saturation percentages were found in blood obtained from the right brachial 


artery and abdominal aorta. 
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intimal fibrosis. 


and its outflow tract. 


Fic. 1.—Chest radiograph showing gross cardiac en- 
largement, affecting particularly the right ventricle 

The hilar vessels are dilated 

but the peripheral lung vessels appear normal. 





Fic. 3.—Transverse section of a muscular pulmonary 
artery, showing severe medial hypertrophy and 


(Elastic/Van Gieson. x 135) 
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Fic. 2.—(A) Part of a transverse section of the pulmonary 
trunk. The elastic fibrils are branched and irregular, 
forming an open network. (B) Part of a transverse section 
of the aorta. The elastic fibrils are unbranched, uniform 
and run parallel to one another. (Both elastic/Van 
Gieson. x 150) 





Fic. 4.—Part of a transverse section of a musculzer 
pulmonary artery showing intimal proliferation an | 
medial hypertrophy. The artery has a dilated, thir - 
walled branch which is largely occluded by 1 

proliferation of cellular tissue (a localized “d- 

latation lesion”’). (Elastic/Van Gieson. x 250) 
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DISAPPEARANCE OF MURMUR IN PATENT DUCTUS ARTERIOSUS 


TABLE I 
CATHETERIZATION DATA 








































Site Pressure (mm. Hg) Oxygen saturation (%) 








Systolic/Diastolic | Mean 





Abdominal aorta 155/90 — 84-2 
Right brachial artery a — 84-6 
Main pulmonary artery 155/97 110 53-1 
Right pulmonary artery — — 52°8 
Left pulmonary artery _ — 58-4 
Mid right ventricle 155/18 — 32:3 
High right ventricle — — 35-5 
Low right atrium - 15 29°8 
High right atrium — os 32°8 





The initial response to treatment was unfortunately not maintained and the patient entered a phase of 
sistant failure in which she again became cyanosed and severely oedematous. Diuretics were no longer 
| e: ective and Southey’s tubes were used to drain dependent cedema. Circulatory collapse followed the rapid 


= 


= 


thdrawal of ten litres of fluid and she died shortly after the occurrence of a brief right-sided focal fit. 


Rs Necropsy findings 


A widely patent ductus arteriosus was found, 14 mm. in diameter at its pulmonary end and 20 mm. in 


monary diameter at its aorticend. The pulmonary valve ring was dilated (9 cm. in circumference) and the pulmonary 
wo. trunk was enlarged. An impingement plaque of atheroma was present in the descending aorta at the site 
> section 


enitelie of entry of the patent ductus. The total heart weight was 400 g.; the left ventricle weighed 172 g. and 
stic/Van the right ventricle 131 g. The upper limit of normal for the weight of the right ventricle is 65 g. (Fulton 
ei al., 1952). The left ventricle was normal (thickness 10 mm.) but the right ventricle was both dilated and 
hypertrophied (thickness 8 mm.) and contained ante-mortem thrombus. The lungs were congested. No 
areas of softening were found in the congested brain. 

Pulmonary Vascular Pathology: (a) Pulmonary Trunk. The elastic fibrils of the media of the pulmonary 
trunk were branched, fragmented, and irregular in shape, forming an open network (A in Fig. 2). In con- 
trast, the elastic fibrils of the media of the aorta were unbranched, uniform, and arranged parallel to one 
another circumferentially (B in Fig. 2). 

(b) Pulmonary Blood Vessels. The muscular pulmonary arteries showed medial hypertrophy and intimal 
fibrosis (Fig. 3). Some of them had dilated, thin-walled branches containing cellular proliferations that 
have been previously referred to as ‘“‘plexiform dilatation lesions’’ (Fig. 4). The small pulmonary veins 
were normal. 


Comment 


Almost all cases of patent ductus arteriosus with significant pulmonary hypertension are “‘atypi- 
cal” from the start in that they never possess a Gibson murmur. Dyspneea occurs in early life, 
cyanosis may be evident and there are clinical, radiological, and electrocardiographic signs of right 
ventricular hypertrophy (Fairley and Goodwin, 1959). In these cases the high pulmonary vascular 
resistance may have persisted from infancy as in cases of large ventricular septal defect (Wood, 1958). 

On the other hand, “typical’’ cases of patent ductus (with continuous murmur, wide pulse- 
pressure, slight generalized cardiac enlargement, and normal electrocardiogram) commonly maintain 
an adequate cardiac reserve until middle life (Keys and Shapiro, 1943) and may even live to the 
ninth decade (Bain, 1957). The pulmonary artery pressure may increase slightly with age (Shephard, 
1954 and 1955) but very rarely does it become high enough to balance or reverse the shunt and 
abolish the continuous murmur. In the few reported cases in which this has happened it would 
appear that the high pulmonary vascular resistance has been acquired late in the life-history of the 
disease, just as it is in some cases of atrial septal defect (Wood, 1958). 

The pattern of the elastic tissue seen in the media of the pulmonary trunk in this case is that 
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found characteristically where pulmonary hypertension has been acquired after infancy (Heat : 


et al., 1959). It resembles the pattern seen in some cases of atrial septal defect and differs from th: 


seen in ventricular septal defect with pulmonary hypertension, where transverse sections of aor : 


and pulmonary artery are indistinguishable. 


The hypertensive changes in the small pulmonary arteries are of Grade 4 severity (Heath ar | 


Edwards, 1958). Such changes are associated with early reversal of flow through a ductus ar 
indicate increased pulmonary vascular resistance of a fixed, organic nature. 


Summary 


A woman with patent ductus arteriosus had the typical Gibson murmur when first seen at tl > 


age of 30 years. Eight and a half years later no murmur was audible and pulmonary hypertensic 
was established. She died and at post-mortem there were changes in the pulmonary arteri: 
usually associated with acquired severe pulmonary hypertension. 


We wish to thank Dr. O. Brenner for allowing us to report this case and Dr. M. Bateman for the cardiac catheteriz.- 


tion data. 
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ISOLATED MYOCARDITIS OF THE RIGHT VENTRICLE 
BY 


J. A. HAYES* 
From the Mallory Institute of Pathology, Boston City Hospital, Boston, Mass. 


Myocarditis is not uncommon at necropsy, one estimate placing the incidence at 3-5 per cent 
of all necropsies (Saphir, 1959). Usually the clinical picture in these cases has suggested some 
fo m of cardiomyopathy. This paper presents an instance where an unusual focal myocarditis of 
th right ventricle was revealed when the patient died, following a massive pulmonary embolism. 
Ti e myocarditis was unusual in that it occurred only in the middle third of the lateral wall of the 
ris ht ventricle: it was unusual also in its histological nature and no explanation for its presence was 
fo ind. 


Case Report 


A 64-year-old white man, previously healthy, was admitted to the Boston City Hospital thirty 
minutes after having collapsed while talking to friends. He did not lose consciousness, his speech 
wes slurred, and he had a left-sided paralysis. His personal and family background was normal. 

On examination he was slightly obese but well-developed. He had slurred speech, a left-sided homo- 
nomous hemianopia, deafness, and facial anesthesia. There was left-sided flaccid paralysis of arm and leg, 
and diminution of sensation over the entire left side. There was a left extensor plantar response, and the 
tendon reflexes on the right were exaggerated while those on the left were diminished. 

The pulse rate was 64 a minute with sinus rhythm. The blood pressure was 180/80 mm. The 
apex was 2 cm. to the left of the mid-clavicular line in the fifth intercostal space. The heart sounds were 
normal with an early systolic murmur in the aortic area. The lungs were normal and there was no peri- 
pheral cedema. The electrocardiogram showed sinu-atrial bradycardia with sinus arrhythmia, notched 
T waves, prominent Q waves, and high voltage QRS complexes, which suggested left ventricular enlarge- 
ment but no other definite lesion. 

The white blood count was 10,000 per cu. mm. with a normal differential count. The E.S.R. was 26 mm. 
(Wintrobe). Blood sugar, electrolytes, serum cholesterol, and liver function tests were normal. The 
cerebro-spinal fluid was normal at a pressure of 225 mm. of water. The Lange curve was normal and the 
Wassermann negative. 

This clinical picture was interpreted as being a focal right middle cerebral artery occlusion consequent 
on embolism from a mural thrombus overlying an early myocardial infarct. 

Progress. Later electrocardiograms showed no change, so myocardial infarction was thought unlikely. 
Later the patient developed a fever of 102-4°F. associated with thrombophlebitis of the left long saphenous 
vein which was treated symptomatically. Ten days after admission while appearing to be recovering normal 
function in his paralysed left side, he was found dead in bed. 


Necropsy 

The body was that of a young looking man. The heart (weight 510 g.) showed generalized enlargement. 
The coronary arteries had minimal atheroma without occlusion or stenosis. The right atrium was thin- 
walled and dilated, its appendage being filled by laminated thrombus which was firmly adherent to normal 
underlying muscle. The right ventricle was dilated and its wall measured 3 mm. in thickness. The lateral 
wall was studded with small, friable thrombi, firmly attached to the endocardium between the bases of the 
columnz carne. The underlying muscle appeared normal. The left atrium was normal and the left 
ventricle hypertrophied (17 mm.) with some dilation. The valves were normal. There was an obliquely 


* Now at the Department of Pathology, University of Bristol, Bristol, 8. 
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Fic. 1.—Wall of right ventricle, showing mural thrombi with some fatty infiltration of the myocardium. 
Hematoxylin and eosin: x 25. 


placed foramen ovale in the intra-atrial septum of 7-5 mm. diameter, which was incompletely occluded by 
the overlapping walls. 

The lungs (weight 810 g.) were congested and oedematous with a recent peripheral infarction in the right 
upper lobe. The pulmonary arterial trunk was completely occluded by a large coiled up embolus which had 
the pattern of a leg vein cast. 

The brain (weight 1550 g.) showed a recent infarction in the periphery of the right parietal lobe. The 
spleen, kidneys, and liver showed passive congestion. There was a cortical adenoma of the right adrenal. 


Histological Examination. The middle third of the myocardium of the lateral wall of the right ventricle 
showed focal collections of lymphocytes and histiocytes with an occasional plasma cell and neutrophil 
polymorph (Fig. 1). The cells were arranged about groups of four to six muscle fibres which showed vacuo- 
lar degeneration, hyaline granularity, loss of cross-striations, and frequent rupture. The affected fibres had 
large polygonal nuclei, often appearing like the “‘smudge cells” in lymphatic leukemia. Intervening fibres 
were normal and the endocardial and epicardial fibres were unaffected. Some of the ruptured fibres showed 
histiocytes and lymphocytes within the sheath (Fig. 2). No giant cells were seen. In the most severe'y 
affected areas, there was a deposition of fibrin with early collagen formation and fibroblast proliferatio. 
Sections from the other heart chambers showed no abnormality apart from an acute inflammatory reacticn 
in the muscle underlying the right appendicular thrombus. 


Comment 


It is suggested that paradoxical embolism to the brain occurred through the patent foramen 
ovale, the origin of the embolus being in the right atrium. No reason can be given for the presen: ¢ 
of the thrombus at this site. The resulting immobilization resulted in leg vein thrombosis whic 
caused a massive pulmonary embolism when the patient was ambulant. 
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ISOLATED MYOCARDITIS OF THE RIGHT VENTRICLE 


Fic. 2.—Myocardium showing fragmentation of muscle fibres with intra- and inter-fibrillary oedema. 
Infiltration by lymphocytes, histiocytes, and an occasional plasma cell. Histiocytes can be seen 
within the fibres in the upper part of the field. Haematoxylin and eosin: x 330. 


It is remarkable that the patient felt well and presented no clinical signs in the presence of the 
extensive myocardial lesion in the right ventricle. This lesion was not due to vascular insuffici- 
ency, even of the “focal myocytolytic” type (Schlesinger and Renier, 1955). A similar picture may 
be produced by viral infection (Gould, 1953), beri-beri (Toreson, 1944; and Weiss, 1940), drug 
hypersensitivity (Lynch and Wyatt, 1957), adult toxoplasmosis (Pinkerton and Henderson, 1941), 
trypanosomiasis (Koppisch, 1957), disseminated coccidioidomycosis (Rheingold, 1950), trichnia 
spiralis infestation (Weller and Shaw, 1932), uremia and glomerulo-nephritis (Gouley, 1940; and 
Gore and Saphir, 1948), or Kwashiorkor (Trowell et a/., 1954), but these are excluded by the clinical 
history in this patient. 

Isolated or Fiedler’s myocarditis is frequently found in seemingly healthy patients who die quite 
suddenly (Englehardt and Bruno, 1943; and Marcuse, 1947). These patients do not usually show 
muscle fibre degeneration, and when this is present the degeneration is regarded as being secondary 
to the interstitial edema. Also no endocardial or epicardial changes occur, although mural thrombi 
have been reported (von Bonsdorff, 1939). The present patient showed oedema which was promi- 
nent only at the sites of fibre rupture and was, therefore, thought to be secondary to the focal fibrillary 
necrosis. 

There is no apparent connection with endomyocardial fibrosis but a suggestion has been made 
that in these cases the fibrosis is preceded by a sensitivity reaction that produces cedema fluid 
rich in acid mucopolysaccharide (Becker ef a/., 1953). No acid mucopolysaccharide was identified 
in this case using the periodic acid-Schiff technique* The presence of the mural thrombi presents 
a problem as they were not coincident with the underlying myocarditis. Neither did the adjacent 
endocardium show an inflammatory reaction. 
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Summary 


An unusual type of myocarditis is described which showed focal involvement of the middle thi 4 
of the lateral wall of the right ventricle. The myocardial changes were characterized by ruptu e 
of muscle fibres, round-cell infiltration, and interstitial edema. There were multiple small mur || 
thrombi not associated with the underlying myocarditis. 

No explanation has been found for the presence of these phenomena. One particular point >f 
interest was the absence of symptoms and clinical signs. 


My thanks are due to Dr. D. Campagna-Pinto, Prof. J. N. P. Davies, and Dr. G. K. Mallory for their help. 
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The relative importance of heredity and environment in causing malformation of the heart is 
st l uncertain. We hoped that details about the families of our patients might provide some 
e\ dence to help in this problem. After a preliminary enquiry about the families of 384 patients, 
m st of whom had Fallot’s tetralogy (Polani and Campbell, 1955), we thought it would be more 
u:eful to make our enquiries in more homogeneous groups. So far, we have covered 261 patients 
w th persistent ductus arteriosus (Polani and Campbell, 1960) and 151 patients with coarctation of 
the aorta (Campbell and Polani, 1961). 

In this paper we are applying the same method to the families of 170 patients with atrial septal 
dcfect. We are grateful to Dr. Evan Bedford for sending out our questionnaires to about 100 
ccnsecutive patients he had seen at the Middlesex Hospital: the 94 of these who replied (Cases 1-94) 
ard 76 of our own patients (101-176) make up this series. We think that the diagnosis is certain in 
piactically all these, and that the defect was of the ostium secundum type in all but three. In those 
seen at the Middlesex, it was confirmed by cardiac catheterization or operation in all, and generally 
by both. In the Guy’s patients it was confirmed by catheterization, necropsy, or operation in all 
but five, in whom there seemed no doubt about the clinical diagnosis. Several had some pulmonary 
hypertension, but with A.S.D. this is generally a secondary result of the defect: in seven it was 
severe enough to have lessened the left-to-right shunt and produced a right-to-left shunt as well. 


I. OTHER MALFORMATIONS IN THE PROPOSITI 


(a) Cardiac Malformations. It is difficult to decide the frequency of these, because an atrial 
septal defect may often be a part of the picture in some more complex lesion, e.g. in tricuspid atresia 
or isolated levocardia, and may be hard to diagnose when combined with others, e.g. with Fallot’s 
tetralogy. Such cases were excluded and this series was composed of examples of atrial septal 
defect (A.S.D.), relatively uncomplicated, though several were found to have some less important 
cardiac malformations as well. 

Most were of the common ostium secundum type but two were of the ostium primum 
type (Cases 115 and 132) and a third was thought to be (150), so that probably all these three had a 
ventricular septal defect and some deformity of the A-V valves as well as an A.S.D. (1°8%). One 
of these (132) and one other (171) had a persistent left superior vena cava. Patients with total 
anomalous pulmonary venous drainage were excluded, but some degree of this is common with 
atrial septal defects, especially with the sinus venosus type. Five of our patients (2-99%%) (Cases 20, 
34, 118, 120, and 165) were thought to have some anomalous pulmonary venous drainage. 

The combination of mitral stenosis with A.S.D. is well recognized: it occurred in eight of our 
patients (4:7°%). Six of the Guy’s patients (171-176) and three of the Middlesex ones (27, 31, and 
87) had pulmonary valve stenosis also, an incidence of 5-3 percent. Six others had systolic gradients 
across the pulmonary valve between 16 and 34 mm. Hg but, with the increased flows, these gradients 
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can not be taken as indicating organic pulmonary stenosis. In addition to these malformatio: ;, 
one patient had congenital aortic stenosis (156) and one had situs inversus (157): a third who h d 
aneurysmal dilation of the right atrium was not counted, as this was probably a secondary effect >f 
her A.S.D. Combining all these groups, there were 15-9 per cent with some additional malformatic 1. 

(b) Non-cardiac Malformations. This section is limited to the 76 patients from Guy’s Hospit |, 
as no specific question was included in the questionnaire. Many of them had deformed ches s, 
but as these were generally secondary to the large heart that often develops at an early age, they ha e 
not been included as independent malformations. Most patients were thin with a narrow ch st 
and long narrow hands and fingers and feet and often with a high arched palate, but we have includ d 
only one, a girl, as true arachnodactyly (130). We do not accept the view that there is a clc« se 
association between A.S.D. and arachnodactyly, though the general appearance of the patients is 
often similar. 

We have only two other examples with recorded malformations—a girl with bilateral cervical 
ribs (113) and a boy with an absent rib, a hemi-vertetra, and a speech defect (156). In addition, o ie 
Middlesex patient volunteered the information that she had had an operation for congenital pylo: ic 
stenosis (53). 

Even three instances among 76 patients (4°) is more than would be expected by chance. Coa- 
sidering that in general the physique and development of these patients were less good than in mcst 
other groups with acyanotic congenital heart disease, we were surprised at the known incidence 
of other malformations being lower than we have found in persistent ductus, pulmonary stenosis, 
and coarctation of the aorta, where it was between 6 and 8 per cent for major malformations. Even 
so, we think our figures are lower than the true incidence, because we did not see many infants 
and were specially interested in patients where there was some chance of surgical treatment. Lamy 
et al. (1957) found other malformations in nearly 18 per cent of their patients with congenital heart 
disease, the highest proportion being in those with atrial septal defect (27°%) and the lowest in those 
with coarctation (7°). 


II. MALFORMATIONS IN SIBS OF PROPOSITI 


(a) Cardiac Malformations (Table 1). (1) Two sisters each had an atrial septal defect and in 
each the diagnosis was confirmed by catheterization and successful operation (21). 

(2) Two other sisters each had an atrial septal defect, again confirmed by catheterization and 
successful operation, and a cousin also had a heart murmur but the cause was uncertain (90). 

(3) A brother of one propositus had died at 9 days with congenital heart disease (129). 

(4) An elder brother of another had been rejected for army service for “‘a slow heart rate and 
congenital enlargement of the heart” (155). 

In addition to these four cases among the 378 sibs (1-194) two with proved A.S.D., there were 
some more doubtful ones—two sisters of two patients were suspected to have A.S.D. (4 and 62); a 
mother and step-brother (with the same mother) had some heart disease, possibly A.S.D. (74); and 
a brother of another died when three days old, probably from heart disease (1). We can not be 
sure that any of these had an atrial septal defect but we should be surprised if some of them had not. 
Lamy et al. (1957) found that 2 sibs of their 97 propositi had congenital heart disease, one an atrial 
septal defect and the other Fallot’s tetralogy. The incidence in our cases (1-1%%) is less than we 
found for persistent ductus (2-1°%) and simple pulmonary stenosis (2-2°%), but more than we four d 
for coarctation of the aorta (0-4°%). In all groups the malformations were generally the same in the 
sibs as in the propositi. 

(b) Non-cardiac Malformations. (1) The brother of one propositus had congenital pylor c 
stenosis (32). 

(2) A brother died with leukemia at the age of 14 years (82). 
(3) A sister developed diabetes at 12 years (83). 
(4) A brother had epilepsy and a large heart (91). 
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TABLE I 
CARDIAC MALFORMATIONS IN SiBS, PARENTS, AND CHILDREN OF 170 PROPOSITI WITH ATRIAL SEPTAL DEFECT 


























Propositus Additional case 
~ Case No. and method | Sex and age Relation and age Defect and method of Comments 
of diagnosis | (1958) (1958) diagnosis 
; 21 C. Op. | F244 Sister, 22 A.S.D. C. Op. 
90 C. Op. | F,. 22 Sister, 13 A.S.D. C. Op. 
129 C. F. 8 Brother? died, aet. 9 days with C.H.D. 
4 19 C. Op. M. 14 Mother, 35* | ASD. Cl. | 
85 C. Op. | F. 19 Father+ A.S.D. Cl. Father died, aet. 52 
126 C. Op. M. 19 Mother, 52 A.S.D. C. 
143 C. Op. M.19 Mother, 48 A.S.D. Cl. 
121 C. Op. | F.28 Son? died with C.H.D. after 13 hours 
170 Cl. F.30 Son, aet. 5 months (1960), has septal defect or P.D.A. 





C =diagnosis established by catheterization, Op. by operation, and Cl. on clinical grounds. 
C.A.D.=congenital heart disease. ; 
* An aunt and cousin were proved to have A.S.D. and probably several other relatives (see Fig. 1). 
+ Died. 


(5) A brother had congenital dislocation of the hip and died when two years old (133). 

(6) A younger sister was a mongol (151). 

(7) A younger sister had a deformed foot (156). 

(8) A sister had some abnormality of the bones and teeth (88). 

Eight examples among 378 sibs (2-1°%) is similar to the incidence of non-cardiac malformations 
that we found for the sibs of propositi with persistent ductus (2°%), coarctation of the aorta (2-8°%), 
and simple pulmonary stenosis (1-6°%%). This is probably no more than what might be expected by 
chance. Lamy et al. (1957) found the incidence only 1 per cent which was the same as in their 
controls. 


IIT. MALFORMATIONS IN PARENTS AND CHILDREN OF PROPOSITI 


(a) Cardiac Malformations in Parents (Table 1). (1) The mother of the propositus also had 
A.S.D., and so had a first cousin and an aunt (Family 19: see p.482 and Fig. 1). 

(2) The father of another had an A.S.D. (85). 

(3) A mother and her son both had A.S.D. When the son was due to be admitted to hospital 
we were told his mother was ill with heart failure from mitral stenosis: we suggested that she might, 
in fact, have an atrial septal defect and this was confirmed by catheterization (126). 

(4) The mother of another boy had been under observation for several years with A.S.D.: they 
have been fully reported (Campbell, 1959, Family 33) (143). 

(5) A woman, aged 40, had been under observation for 12 years with A.S.D. Her mother had 
always been breathless and liable to faint, and died with congestive heart failure when she was 27 
and her only daughter was three years old. Of the mother’s seven sibs a sister died when she was 
21 with long-standing heart disease, a brother died when he was 45 with congestive heart failure, and 
a sister developed cardiac symptoms when she was 50 years of age. There was no known rheumatic 
history in the family so it seems probable that some of these were examples of A.S.D. (159). 

(6 and 7) The father and the mother of two propositi had systolic murmurs that were thought to 
be organic without any obvious cause, so that A.S.D. was possible or even likely (9 and 47). 

Even omitting the last three familes, 4 of the 318 parents with A.S.D. (1-3°) is unlike what 
we have found among the parents of our propositi with persistent ductus, coarctation of the aorta, 
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and simple pulmonary stenosis, where there were only 2 examples of congenital heart disease amor g 
710 parents. Neither of these were concordant, the mother of a girl with a ductus having slig t 
pulmonary stenosis, and the mother of a girl with coarctation having a persistent ductus: it is tri 2 
that the father of another patient with coarctation had a history that was suspicious of coarctatic 1 
but there was no proof. The significance of this frequency of A.S.D. in child and parent will | 2 
discussed later. 

(b) Non-cardiac Malformations in Parents. There was nothing remarkable about these. Tie 
mother of one patient died when 40 from a ruptured cerebral aneurysm, having recovered from 4 
similar attack six years before (40). The father of another and the patient herself both had curvatu 2 
of the spine and a protruding left shoulder but we do not know if there was a hemi-vertebra (SC). 
The mother of a third had had a successful operation for hare lip and cleft palate (176). 

Three known non-cardiac malformations among 318 parents (19%) can not be taken as out of t! e 
ordinary, though it is a little more than the 4 examples we found among the 710 parents in the oth r 
groups. Lamy et al. (1957) found no instance of congenital heart disease and only 10 instances of 
other malformations among 2376 parents of their propositi (0-5°%). 

(c) Malformations in Children. We have little information about the children of our patien.s 
with A.S.D. Most of them were children and even for those who were married our information :s 
incomplete. Among the 170 propositi we know about the families of 19: there were 23 children, 20 
of whom were normal. Of the other three, one was spastic (20), one died with a congenital heart 
lesion after 13 hours (121), and the third, a son aged 5 months, born since this was first written, has 
signs suggesting a septal defect, probably an atrial septal defect (170). The numbers are too small 
to be significant, but as with the other groups of congenital heart disease, we have found enough to 
suggest they are more common than would be expected and that more data should be collected to 
prove or disprove this. 


IV. MALFORMATIONS IN OTHER RELATIVES 


(a) Cardiac Malformations. (1) A first cousin had a successful operation for A.S.D. (19). 

(2) Another first cousin had a successful operation for A.S.D. (60). 

(3) A first cousin died with some form of congenital heart disease when 10 weeks old (26). 

(4) A first cousin was stillborn and was said to have congenital heart disease (118). 

(5) A first cousin had had a successful valvotomy for Fallot’s tetralogy (125). 

(6) A boy, aged 8 had an ostium primum, and his second cousin had had a successful operation 
for a large V.S.D. (150). 

(7) A brother’s son has a heart defect and had already had heart failure twice in the first year of 
life (85). 

(8) A cousin of the father had had an operation on his heart but its nature is not known (27). 

(9) The mother’s father, two uncles, and two aunts all died suddenly from heart disease, some 
before they were twenty (83). 

(10) The grandmother’s brother and sister both died with heart disease, aged 19 and 20 res- 
pectively (28). 

Omitting the last three because we are not certain of the nature of the heart defect, there wer 
seven examples of congenital heart disease among fairly close relatives, mostly first cousins. Weca 
not say whether this is significant because we do not know the numbers at risk. There is, however, 
a larger number of heart defects among cousins than we have found for persistent ductus or coarc- 
tation, and two examples of proved A.S.D., three of some congenital heart disease, one of V.S.D., 
and one of Fallot’s tetralogy again suggests that concordance of the lesions is more common tha» 
discordance, though not so constant as among sibs and parents. 

(b) Non-cardiac Malformations. A first cousin (maternal) was born blind and with som: 
paralysis, and died at 4 months; a first cousin (paternal) was born deaf and dumb with some degre» 
of spasticity; and a child of a first cousin was born with spastic quadriplegia and was still alive afte 
two years (52). 
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No other family has three examples of multiple defects, but an aunt of the father was a mongol 
(53), an aunt was mentally defective (60), a nephew had splenomegaly and? cirrhosis (62), an uncle 
wis born with “paralysis” but lived for 38 years (66), a sister’s child had deformed fingers and toes 
(€9), a twin sister’s daughter had congenital dislocation of the hip (70), a nephew had a deformed 
h:nd and foot (115), and, of more doubtful significance, a grandfather had “hemophilia of the 
g: ms”’ (14). 

Considering the large but unknown number of relatives involved, it seems doubtful if these 11 
e: amples are significant of any increased incidence, but the cases reported to us were certainly not 
c mplete. For example, we found out almost by chance that two cousins had both had operations 
fcr A.S.D. and this had not been mentioned by the propositi. 


V. CONSANGUINITY OF PARENTS 


An increased number of consanguineous marriages between the parents of propositi may reveal 
tl at the condition is inherited as a Mendelian recessive character. We have this information about 
the parents in 155 of our families and about the grandparents in all but one of these. 

The parents were related in 6 instances. They were first cousins in 3 (50, 92, and the mother of 
1‘), second cousins in 2 (11 and 31), and the father had married a daughter of his first cousin in the 
sith (88). In Family 19, the propositus was born by an illegitimate union so that his mother’s 
si bsequent marriage to a first cousin (with two normal sons of the marriage) is not material: how- 
ever, the mother herself had A.S.D. and was the child of a first-cousin marriage, so we have included 
hcr. The single patient with situs inversus was not the offspring of a consanguineous marriage. 

In four other instances the grandparents were related, but we do not think these of any significance 
as the relationship was either on the paternal or maternal side and not between them. The father’s 
parents were first cousins in two (127 and 147) and more remotely related in another (67), and the 
mother’s parents were first cousins in the fourth (53). 

Thus of the 155 cases, 3 were the offspring of first-cousin marriages (1-9 per cent) and 3 others of 
cousin marriages. This is more than four times as high as the incidence of first-cousin marriages 
among the general population (0-4°%%) and twice as high as we have found it among our other 
groups with congenital heart disease (0-9°%). This was the experience of Lamy et al. (1957) also who 
found it highest in his groups of A.S.D. (3-9) and of pulmonary stenosis (4-4), where we have found 
it low, compared with 2-5 among all his cases of congenital heart disease and 0-7 among his controls. 
The high incidence in our series is due mainly to the Middlesex patients but we think this must be 
due to chance. 

In any recessive condition the proportion of children derived from consanguineous marriages 
is related to the frequency of the recessive gene responsible and to the frequency of such marriages 
in the population from which the sample is drawn. It can be calculated approximately from the 
formula of Lenz (1919): 

c 


5° 





where c is the incidence of first cousin marriages in the population, i.e., 0-4 per cent for a hospital 
population in this country (Bell, 1940), and q is the square root of the frequency of the recessive 
trait. 

The incidence of atrial septal defect and indeed of all congenital heart disease in the general popu- 
lation is uncertain. McMahon et al. (1953) found the latter 3-2 per thousand at birth, a little higher 
than earlier estimates, but Carlgren (1959) in Sweden found it 6-4 per thousand. Bonham-Carter 
(personal communication) finds this last estimate the most accurate and we have taken it to be 6 per 
thousand. Our own estimate of the frequency of atrial septal defect is 16 per cent of all congenital 
heart disease and Wood finds a very similar figure of 18 per cent, so we have assumed it to be 17 per 
cent, making the incidence of A.S.D. 1 (6x 17/100) per thousand in the general population. 
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Assuming that A.S.D. were a recessive trait, its gene frequency would, therefore, be +/0-001, i. ., 
0-0316. The expected frequency of consanguineous marriages among parents of children wi h 
A.S.D. would be 0-78 per cent. The difference between this and the observed frequency of 1-9 f r 
first cousin marriages does not quite reach the level of statistical significance. Nevertheless t 
observed frequency is so much higher than the expected frequency that we think a recessive gene 
responsible for a proportion of the cases of atrial septal defect. It is interesting that this should 
so when there is also evidence of dominant inheritance in other families with A.S.D. (see late ). 
We are doubtful if both these mechanisms explain the occurrence of more than a proportion of : || 
the cases of atrial septal defect. 

Developmental disorders and mortaility were very frequent in the children of consanguineo ‘s 
marriages among our families where the propositus had a persistent ductus. This was not so int e 
present series with atrial septal defect. In the six families where the parents were first or seco: d 
cousins, there were 8 sibs of whom 7 were normal and | had some abnormality of the bones and tee? 1. 
In the four families where the grandparents were cousins, there were 12 normal sibs and one who divd 
with pneumonia at the age of three months. In these ten families combined there were only three 
recorded miscarriages. 


on Oo 


VI. FAMILIAL CASES OF ATRIAL SEPTAL DEFECT 


In this section we shall discuss (1) families where atrial septal defect occurs in three or more 
generations, suggesting dominant Mendelian inheritance; (2) the concordance or discordance of the 
malformations in the members of a family; and (3) the relationship of the affected members. 

Familial Incidence in Three or More Generations. It is uncommon to find examples of congenital 
heart disease in several generations but there are a few examples of this with atrial septal defect, 
though it may be difficult to establish the diagnosis in the earlier generations. We are, therefore, 
reporting our Family 19 more fully because there were four members with certain A.S.D. and four 
or perhaps five, others who were said to have “the family disease with a defective heart” in five 
generations (see Fig. 1). 
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Fic. 1.— Genealogical tree of Family 19 showing patients with atrial septal defect. @ patients proved to have A.S.!). 
@ patients said to have “the family disease with a defective heart,’ © patients said to be without it. 
III 8 died suddenly at home: necropsy report, pulmonary embolism and heart disease. 


The numbers above the line indicate the order of birth within each family, the position in this family tree bei: g 

changed to show the two first-cousin marriages more easily. 

fn  eicaeas below the patients symbols indicate the patients age in 1959, unless it is stated to be the age >f 
eath. 

IV 8, the husband of IV 4 was our main informant about the family. 
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Cases V 7 and V 11 were both propositi in this series: the former did not record that her cousin 
had heart disease, but fortunately the latter did: in both these the diagnosis was confirmed by 
ca‘heterization and by successful closure of the atrial septal defect. When we first wrote this account 
Case [V7 was included as one “who had the family disease’; but further enquiries revealed that she 
hed been in Guy’s Hospital under Dr. Charles Baker, who had had no doubt about the diagnosis of 
A S.D.; and that the death certificate of Case III 8 was available. 

Case IV 8 was our main informant about the family but IV 7 also had recorded it: we have 
ci ecked with them the small points where they differed and think that Fig. 1 is correct. Case V 11 
w s illegitimate and as the mother lived in a small country town in the South of England and the 
fe her was a Canadian soldier, it is unlikely that they were related : subsequently, however, the mother 
the propositus married her first cousin and they have had two healthy sons. The mother, who 
o had clear clinical evidence of A.S.D., was herself the offspring of an earlier first-cousin marriage. 

The evidence for an atrial septal defect in four members of the fourth and fifth generations has 
2n given. Case V | died with congenital heart disease when 6 months old, so A.S.D. was possibly 
tl > cause. Case III 8, who was said to have the family disease, died suddenly: the death certificate 
a ributed this to pulmonary embolism secondary to disease of the heart, so A.S.D. seems likely. 
¥ 2 can adduce only the family tradition (proved to be correct for IV 7) as evidence for the three 
n -mbers of the first two generations. Only one of our informants included II 3 as having “the 
fe nily disease’, but as she died with dropsy when 50 (the same age of death as III 8) it seems 
p. obable that she should be included. 

There are, therefore, 4 certain cases of A.S.D. and 5 probable cases (including V 1, not marked as 
si ch in Fig. 1) in five generations of this family. In five of these patients the descent was direct from 
mother to son, to his daughter, to her daughter, and finally to her son. This suggests dominant 
Mendelian inheritance, though in the other two the defect apparently skipped one generation. 
Nor is the ratio of affected to normal sibs (8:30) anywhere near the expected 1:1 ratio, so that if 
A.S.D. is sometimes inherited as a Mendelian dominant character, the degree of penetrance must be 
very incomplete. 

Holt and Oram (1960) have reported a similar family where three sibs and the daughter of one of 
them had A.S.D. (one proved by necropsy) and five other members, including several of two earlier 
generations, were thought to have A.S.D. Three of those who were examined had similar deformities 
of the hands, especially the thumbs, and some members of the earlier generations were said to have had 
these also as well as the defect of the heart. They thought the inheritance was of the Mendelian 
dominant type. 

Another family where a girl, her mother, and her grandmother all had an atrial septal defect, 
proved by necropsy in the last, has been reported (Campbell, 1949). Howitt (1961) has described a 
very similar family where a woman, her only daughter, and one of her two grandchildren, a girl, all 
had atrial septal defect: her parents and many of the collaterals were without any evidence of heart 
disease. 

Zetterqvist (1961) found eight certain and five probable cases with A.S.D. of ostium secundum 
type in four generations of one family. We have not included them among the cases in our Table II 
because, in the short account of his communication to the Swedish Pediatric Society, the relationship 
of the subjects is not given. Chromosomal aberrations of varying type were found in some of these 
patients and an aberration in the form of a balanced translocation in a healthy member of the family. 

It is difficult to avoid the conclusion that in some cases atrial septal defect is inherited as an 
autosomal Mendelian dominant character, and this is supported by the relatively large number 
where a parent and child were affected. The numbers in these four families are hardly enough for 
analysis but 19 of those affected were female and only 5 male: the condition was passed through men 
as well as through women. There is, therefore, no question of the condition being sex-linked. 

Concordance or Discordance of Affected Pairs. Among our 157 families, there were 13 where 
two members and | where at least four members (Family 19) had congenital heart disease (C.H.D.), 
making 17 pairs in 14 families. These provide evidence about whether the malformations are the 
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same (concordant) or different (discordant) in the two members of the pair, while reported cases m: y 
have been reported just because the malformations were the same. In nearly all our cases of A.S.} ). 
the diagnosis had been confirmed by cardiac catheterization or by operation or by both. 

The cases reported by Lamy et al. (1957) should be equally reliable because they made enquiri s 
about all malformations in their families. They reported 2 sibs of their 92 propositi with A.S.D. 5 
having congenital heart disease—one with A.S.D. and one with Fallot’s tetralogy—and also 2 fii t 
cousins, again one with A.S.D. and one with Fallot’s tetralogy. 

Combining these, there were 21 pairs in 18 families. The malformation was the same in bo 
members in 12 pairs and different in only 3 pairs. In the other 6 pairs, one had A.S.D. and t 
second had congenital heart disease but the type was not known, generally because the second hi : 
died in infancy. The figures for these 21 pairs are shown first in each column in Table II. 


TABLE Il 
RELATIONSHIP OF PATIENTS AND NATURE OF DEFECTS WHERE THERE WERE TWO OR MORE IN A FAMILY 





Number of pairs. _‘ First with A.S.D in all. 





; : Second with 
Relationship of pair SD. Sound erry ate C.H.D. (type 


not known) 





Sibs 2 ae a rity and 1 Fallot) 1+1 
Parent and child , me (V 2+0 
Cousins. . GB Faller and 1 P.D.A.) 2+0 
Uncle or aunt and nephew or 

niece .. - ; aca _ 1+0 








Total .. =. a a 6+1 
7 











C.H.D.=Congenital heart disease. : 
The first figure gives the numbers where all malformations in the family were recorded (present series, 17 pairs; 
and Lamy et al. (1957), 4 pairs). The second figure gives other collected or reported cases. 


This table shows also (as the second figure in each column) the results in other pairs, some that 
we have collected and some that have been reported; and, in fact, the proportion with concordance 
was not much higher. In all, there were 37 pairs where both members of the pair had A.S.D. and 
only 7 where they had different malformations. The malformations in these seven pairs were 
A.S.D. in the propositi, and in the other member Fallot’s tetralogy (4), coarctation (1), ventricular 
septal defect with pulmonary stenosis (1), and persistent ductus arteriosus (1): it seems probable 
that the high incidence of Fallot’s tetralogy is due to chance and would not be repeated in a larger 
series. Inthe other 7 pairs, one had A.S.D. and the other had congenital heart disease, the type not 
being known: as might be expected not very many cases of this group have been reported. We 
have found that where there are two cardiac malformations in a family it is much more common 
for them to be of the same type with other forms of congenital heart disease, as well as with A.S.D. 

The Relationship of the Pairs Affected. Two examples of congenital heart disease in a fami y 
are found more often in two sibs than in a parent and child. Brown (1939) supported this view ard 
Taussig (1947) found only 15 of 48 reported cases in more than one generation. Reporting 40 such 
families that he had seen, Campbell (1959) found 26 examples of sibs and only 9 of parent and chil |, 
the others being less close relatives: on the rather scanty evidence then available, he wondered if 
atrial septal defect might not be an exception to this rule. With the larger number of exampl’s 
now available, it seems that this is so, and that atrial septal defect (and probably congenital aort c 
stenosis) are more likely to occur in parent and child than are most other forms of congenital hea t 
disease. 
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In the first 21 pairs, 17 in our families and the 4 reported by Lamy et al. (1957), 5 were sibs, 6 
were parent and child, 8 were first cousins, and 2 were uncle or aunt and nephew or niece. In 
acdition to these pairs we have notes of some others but are considering them with the reported 
cases, because they may have come to our notice only because they were concordant, though we do 
not think that this was so. 

Our family where grandmother, mother, and daughter were all affected has been mentioned. Deuchar 
(p rsonal communication) has given us notes of two brothers, both of whom had successful operations for 
A3.D. Bedford has given us notes of two pairs who were not included in the general enquiry which was 
cc afined to consecutive unselected cases: (1) two brothers, both with A.S.D. and (2) a girl, aged 11, and her 
fe her, both with A.S.D. 

Besterman (personal communication) has given us details of a family where the first child died with con- 
iital heart disease and cyanosis, aged 2} years; the seond was a normal girl, aged 20; the third, a boy aged 

had severe pulmonary hypertension with a reversed shunt through an A.S.D.; and the fourth, a girl aged 
, had an A.S.D. with a pulmonary arterial pressure of 70/30 mm. and a resistance of 8-5 units: both parents 
renormal. He has since told us of another father and daughter, both of whom had successful operations 
- A.S.D. 

Among reported cases, Courter et al. (1948) described Lutembacher’s syndrome in two sisters, aged 21 and 

Davidson (1958) reported A.S.D. in a mother and two (and probably a third) of her eight children: he 
d not been able to find many other reported examples but found two in a parent and child and two in 
‘s. Since then some other examples have been reported. Carlton et al. (1958) have described a sister 
th A.S.D. and a brother with coarctation; two sisters and a daughter of one of them, all with A.S.D.; and 
ree sisters with A.S.D. and the daughter of one of them probably with ventricular septal defect and pul- 
mary stenosis. The families of Holt and Oram (1960), and of Howitt (1961) have already been mentioned. 
ore recently Davidson (1960) had added two pairs of cousins, the second members having had operations 
fcr persistent ductus and Fallot’s tetralogy respectively. He thought there were probably other close 
reiatives with congenital heart disease in 7 of his 132 cases of A.S.D. 

These results have been added to our figures in Table II: the total of 51 pairs was composed 
or sibs in 19 instances (15 concordant), of parent and child in 20 instances (17 concordant), of first 
cousins in 10 instances (4 concordant), and of uncle or aunt and nephew or niece in 2 instances 
(i concordant). This is a much higher incidence of pairs of parent and child than we have found in 
most other forms of congenital heart disease, except in congenital aortic stenosis: generally the great 
majority of pairs are composed of sibs. 
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VII. THE INFLUENCE OF PARENTAL AGE AND BIRTH ORDER 


The age of the parents was not obviously different from what might be expected. Some patients 
with A.S.D. were the first-born children of young mothers, some were later-born in the families, 
and some were the children of quite elderly parents. In the 157 mothers where the age was known, 
the mean age at the time the affected child was born was 28-86 years, and this is near the expected 
mean age of mothers at the birth of their children among the general population. 

Penrose (1955) thinks that the difference between mean paternal and maternal ages is in some 
ways a more useful measurement, and that when the paternal age is increased unduly it suggests 
a genetic case, because the larger number of cell divisions in the male germ-line may encourage a 
“failure to copy genes correctly.” We know the age of both parents in 150 pairs and the mean ages 
were 29-05 years for these mothers and 32-08 years for the fathers, calculated to the nearest month in 
each case. The difference between the paternal and maternal mean ages is 3-03 years and this is 
more than the difference of 2-3 years found in the general population of England and Wales. The 
difference was increased in our series of patients with persistent ductus (3-3 years) and coarctation of 
the aorta also (2-87 years). 

It is hard to know how much, if any, significance can be attached to this difference. It is, of 
course, well-known that when there is a large difference of age between husband and wife, the former 
is generally the older. In our series, there were seven fathers and only one mother who were between 
12 and 20 years older than their partner: if these eight were omitted, the difference of the means 
would be reduced to 2-51 which is not much above the normal figure of 2-3 years, but this normal 
figure is itself made up of some fathers who are considerably older. 
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A paternal age effect has been shown to operate in achondroplasia, in Marfan’s syndrome, and 
some forms of acrocephalo-syndactyly (Blank, 1960). 

Any correlation between maternal age and a congenital malformation is often thought to she 
that the cause of the malformation is environmental, but equally it may be the factor that reveals 
genetically determined defect. The chromosomal anomaly in mongolism that has been demo - 
strated recently is in most cases closely correlated with advancing maternal age. This correlatic 
and the association between mongolism and congenital heart disease make maternal age wor 
investigating in congenital heart disease. 

The maternal ages at the time of birth of the propositi may be compared with (1) a suitab : 
control population (2) the data of the Registrar-General for the general population, or (3) the ages 
the mothers at the time of birth of the normal sibs of the propositi. The first method is ideal fi + 
comparing malformed children born in a particular period and locality with all other childr 
born in the same period and locality; but it is hard to apply to children born in different soci 
groups, in different places, and over a period of several decades. This last point also makes cor - 
parison with the Registrar-General’s data rather difficult. We have, therefore, used the thiid 
method: granted certain assumptions, it can be taken to supply an adequate internal control grou;.. 

Birth order is another variable that can influence the occurrence of malformations as, for 
example, with congenital pyloric stenosis which is common in first-born children, or with a condition 
such as kernicterus which occurs in later-born children and may have an immunological basis. _ Its 
influence can be studied by the same three methods, but in view of its close correlation with maternal 
age, methods have to be found for separating the respective influences of these two possible factors. 
We have recently (Campbell and Polani, 1961) given our reasons for using a method based on the 
work of Greenwood and Yule (1914) and Penrose (1934 and 1946). A series of tables was compiled 
showing the number of maternities, the birth order, and the maternal age (in five-year periods) for 
each family. From this, a table was constructed to show the observed and expected numbers for 
each parity and for each maternal age group, and the sampling variance of these. These last figures 
enable one to estimate the statistical significance of any numerical differences between the observed 
and expected values. The results are shown in full in Table III and in shorter and simpler form in 
Table IV. 

Neither maternal age nor birth order are proved to have any influence on the production of 
atrial septal defect, for the groups with relatively large differences between the observed and expected 
numbers of cases of atrial septal defect are distributed erratically, and the differences are not statis- 
tically significant (greater than twice the square root of the sampling variance). Although the num- 
ber of cases is larger than those of coarctation, and might therefore be expected to give a more even 
distribution, there are in fact larger differences in some groups. 

Thus, there were 7 less first-born children with atrial septal defect than expected (57 instead of 
64) and 6 more second-born children (51 instead of 45), the differences among the later-born children 
being small, though there was a slight excess among the fifth-born and later (15 instead of 13). 

Similarly, there were five less children with atrial septal defect born to mothers of 24 or under 
(38 instead of 43) and five more born to mothers aged 35-39, (42 instead of 37), but this is not likely 
to be significant when one less than expected was born to mothers over this age. 

The method we have used is not perfect, and the allowance for the fact that every only child in 
the series must have the malformation sometimes seems to be overweighted. Thus, six of the seven 
first-born children born to mothers aged 35 or over had atrial septal defect, but they do not seem 
much more than expected (6 instead of 5-33) because four were only children, two were in twe- 
children families, and only one in a three-children family. Obviously if a first child is born when th: 
mother is over 35, her family is not likely to be very large but it could be larger than these si». 
Further, many children with atrial septal defect are troublesome in infancy with frequent ches 
infections: this has no great effect in limiting the size of the family with most mothers, but migh 
with those who are older and so more easily worried by the child. This might cause the olde- 
mothers of a first child with atrial septal defect to decide to have no more children. Then, if man 
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TABLE III 


CoMPARISON OF 158 PATIENTS WITH ATRIAL SEPTAL DEFECT AND THEIR 349 SIBS WITH RESPECT TO MATERNAL AGE AND 
BIRTH ORDER 





Maternal age (in years) 
Birth order 





a ~ Total 
20-24 25-29 30-34 35-39 





24 72 20 45 e 6 6 57 145 
28:0+12:7 20:8+8:1 85425 5:040°5 64-1+25:] 


12 38 IS 40 16 31 4 10 5! 127 
10:7+6°8 13-44+8:1 12:2+6°4 4642-4 44-9425:3 








0 8 13 40 $4] 3 2m | 3 | 24 88 
17413 86466 | 73448 | 4042-7 22-7416-1 





. 3 2 24 7 #18 . &@ il 59 
0-140:1 4-543°5 4-243:-2 3042-2 12:949°8 





0 6 3 18 3. 68 7 34 
0:-940-7 31425 1°64:1-3 6-0+4:9 





es 2 | 2 tt 4 26 8 54 
6:1 and later. . 0-240-2 1741-5 3-54+3-0 7-246°3 
A | affected 
cases and all 
children 





Expected 
affected cases 
& sampling 
variance .. 2641-6 40°6420°8 | 48:-4427-3 | 37-0420-9 21:7412:2| 7-544°5 157-7487°5 








The three sets of numbers in each rectangle show: (1) the number of affected children (heavy type), (2) the total 


number of children at this maternal age and rank, and (3) (below) the expected number of affected children with their 
sampling variance (in italics). 


TABLE IV 
DIsTRIBUTION OF PATIENTS WITH ATRIAL SEPTAL DEFECT ACCORDING TO MATERNAL AGE AND BIRTH ORDER 





Maternal age (years) 
Birth order oe 


Up to 24 o> | 1s | 35 & over 





5 
ee Fe ors 25 29-6 20 20-9 6 
2nd « se 13 11-9 15 13-4 . 7 
aa... aie a a: 13 8-6 ° 3 
a } e418 | ( 2 
aR .. ai oe — 2 56 \ 4 
6th and over =e — J 6 








Total be we 38 43-4 | 50 48-5 28 29-1 





The figures in heavy type show the number of children observed in each category: the figures in italic, the expected 
numbers, which are based on a family reconstruction (see text). 
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mothers did this, the method would fail to show more children with atrial septal defect than expect: 
in this group, even supposing that first-born children born to mothers 35 and over were much mo 
liable to develop atrial septal defect. 

Our figures, therefore, still leave open the possibility that first children born to mothers over t] 
age are more likely to have an atrial septal defect than would be expected by chance. 
were so, it could only account for a small proportion of the total number with A.S.D., since it is n 
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enough to effect the total expectation for all women aged 35-39 years or for all the first-born childre :, 


Atrial septal defect is found more commonly in women than in men—generally in the proporti: 
of about 2:1. Our own 100 cases included 72 women and 28 men, a ratio of 2°6:1, but the rat 


VIII. SEx DisTRIBUTION 


~~ 


varied with age, there being 30 girls and 22 boys under 20, but 42 women and only 6 men over 2::: 


this suggested that the difference in sex incidence might be less at birth but become greater by 


differential mortality that was higher in boys and men (Campbell et al., 1957). 

From these 100 Guy’s patients, we have removed three who had an ostium primum type of defec:. 
The age and sex incidence of the others and of the Middlesex patients are shown first in Table V. 
To get more information about this, we have asked Dr. Paul Wood, John Goodwin, and Wallace 
Brigden about their patients and Dr. John Hay and Philip Evans about their experience of A.S.D. 
in children. We are most grateful to them for the trouble they have taken and for allowing us io 
make use of details they have given us about their patients. The figures of Wood and Goodwin have 
been added to Table V. The former include a much larger number at the older ages and show a 


TABLE V 


SEX AND AGE DISTRIBUTION OF PATIENTS WITH ATRIAL SEPTAL DEFECT* 


a 


























Age, in year 0 10 20 | 30 40 50 Total 
to to to to to = 
9 19 29 39 49 over 

Female patients 
Guy’s series 19 10 13 | 15 9 4 | 70 
Middlesex series ze ae SS Se ee 62 
Wood’s series 32 76 42 33 23 29 235 
Goodwin’s series . . 6 199 9 | 13 #9 3 | 59 
Total 64 121 82 | 71 49 39 | 426 

Male patients 
Guy’s series 13 8 2 | 4 0 | 27 
Middlesex series 8 8 9 3 + 2 | 34 
Wood’s series a 30 6lt 23 16 15 17 162 
Goodwin’s series .. 6 6 5 3 2 | 27 
Total 57 83 39 | 2 2 2 | 250 
Female/male ratio 1-1 5 2-1 | 25 22 19 | 1:7 





*All patients with an ostium primum type of defect have been excluded. 
+ 20 referred after X-ray examination for national service have been omitted. 


rather smaller female preponderance at all ages: from Wood’s figures for the age group 10-19, \ 
have removed 20 men because he wrote that about 30 were young men of 18 or so who had be: 


selected by mass radiography when being considered for their National Service. 


Combining these figures the female to male ratio is 1-7 for 676 patients. 
for those up to ten years and then rises to 2-1 in the third decade and stays at about this level at old: ° 


This ratio is only | 
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aces. Brigden gave us the age and sex incidence of 52 patients he had seen where the diagnosis had 
been made by mass radiography at work and here too the female preponderance became greater 
w th increasing age—from 1-4 for those under 35 to 1-8 for those over 35 years of age. We have 
n: t included these in Table V because there may be selection according to sex when mass radiography 
is carried out in this way. 

This means that women with A.S.D. must see consultants more readily than men or that there is 
a \igher differential mortality in boys and men: this could be because they are less able, or less 
w ling, to adapt themselves to the necessary restrictions in their activity. We have no evidence that 
th re is any such differential mortality. In fact, the only two deaths we have seen in the first two 
de ades of patients with an ostium secundum type of defect were both girls. Wood informs us, that 
ay rt from deaths after operation, he has no example of a male patient under 30 dying from uncom- 
pl ‘ated A.S.D. and that the male/female sex ratio in those with A.S.D. and the Eisenmenger 
re: ction is considerably higher for women, and this is our experience also. Nor did we find any 
ev jence of differential mortality to account for the sex incidence of persistent ductus and coarctation 
of he aorta, though a differential mortality in the prenatal or neonatal period was not excluded. 

It may seem unlikely that women came to hospital more often than men, but ordinary domestic 
wk has to be carried on and entails the same metabolic consumption of oxygen, and therefore 
pr sumably the same work of the heart, as many of the occupations in which men are engaged 
(P ssmore and Durnin, 1955). Men with A.S.D. are less likely to choose the heavier forms of work, 
so it may be that the woman who has to do housework does more work and is more prone to develop 
ca diac symptoms from A.S.D than most men. 

We tried to get further evidence about the sex incidence in small children. Hay finds the same 
fe:nale/male ratio of 1-1 for those aged 0-9 (84 F, 75 M) and also for those aged 10-14 years (30 F, 
26 M). His findings, however, become more complex if the former are divided into five year 
periods. Among those 0-4 (a group poorly represented in the figures we have discussed previously) 
the usual ratio was reversed as there were 30 girls and 35 boys, and for those aged 5-9 there were 
54 girls and 40 boys. These figures included a// the 215 patients with an ostium secundum defect, but 
a third of those where the diagnosis was proved (37 of 104) had some other cardiac defect as 
well: in the other 111 there was a provisional clinical diagnosis only. All patients with an ostium 
primum were excluded. Evans, studying the Great Ormond Street necropsy figures for 1900-43, 
found only 23 cases with an A.S.D. and no other cardiac malformation: 11 were boys and 12 were 
girls and 16 of the 23 were under one year of age, so that here again there is no support for a higher 
male mortality. 

The only certain conclusions are that for all ages together the female/male ratio is 1-7 but that for 
those aged 0-9 years it is nearer 1-1. No decisive explanation for this has been found. 


IX. BIRTH-WEIGHT OF PATIENTS WITH A.S.D. 


Birth weights of normal children vary widely: they are partly dependent on the economic and 
social conditions of the family and increase with increasing parity. We have compared the birth 
weights of our patients with those of their normal sibs as this to a large extent eliminates social class 
and nutritional factors. 

Both the boys and the girls with atrial septal defect were lighter than their normal sibs at birth. 
The mean birth weight of the boys was 7-36 lb.+0-19 instead of 7-78 +0-12 for their normal brothers, 
and that of the girls was 7-27+0-17 instead of 7-62+0-14 lb. for their normal sisters. These 
differences are of interest but are not large enough to be statistically significant in a sample of this 
size, even in the boys where the difference was larger. 

There was a difference in the distribution of the birth weights (see Table VI) as well as in the lower 
mean. Rather more of those with an atrial septal defect weighed 5-5 lb. or less (10°%% instead of 
7°%) and far less weighed over 8-5 Ib. (11% instead of 23°) and this was true both for the boys and 
for the girls. Children with an atrial septal defect are known to be of lighter weight than normal 
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TABLE VI 
DISTRIBUTION OF BIRTH WEIGHTS OF 129 PATIENTS WITH ATRIAL SEPTAL DEFECT AND THEIR 257 NORMAL Sips 




















Boys (percentage) | Girls (percentage) 
Birth weight (Ib.) | 
With Sibs | With Sibs 
A.S.D. A.S.D. 

3-5 and under ee oil — — 1a) 2 (2)* 
3-6-4°5 ae bs 2 (1)* 1 (1)* 4 (3) 2 (2) 
4-6-5°5 7 (3) 3 (4) | 6 (5) 4 (5) 
5-6-6°5 9 (4) 16 (22) | 21 (18) 15 (18) 
6°6-7°5 52 (22) 30 (42) 35 (30) 32 (39) 
7-6-8°5 16 (7) 30 (42) 24 (21) 20 (24) 
8-6-9°5 EE ot 9 (4) 12 (16) 1 (1) 14 (16) 
96-105 .. 2 $:@) 4 (6) 6 (5) 8 (9) 

10-6-11-5 i — 2 (3) 0 (0) 2 (2) 

11-6 and over << a 2 (3) 2 (2) 1 (1) 

No. of cases oe 43 139 | 86 118 

Mean (Ib.) and S.E. 7:36+40-19 7:78+40-12 7:27+0-17 7-62+0°14 

Standard deviation .. | 1-25 1-43 | 1-55 1-58 

Mean (kg.) .. va 3-34 3-53 3-29 3-46 





* Figures in brackets give the number of cases. 


children, but there is no obvious reason why its presence should cause the child to be lighter at birth, 
since the effects of an atrial septal defect on the feetal circulation are unimportant. 

We analysed the sibs born before and after the propositi separately, but thought it fair to compare 
the mean of the two groups combined with the mean of those with A.S.D., since we have shown that 
birth order does not significantly influence the incidence of A.S.D. The boys born after (mean 
weight, 8-00 lb.) showed the expected increase over those born before (7-58 Ib.), but for some reason 
the girls did not though the difference was small—7-70 Ib. for those born before and 7-54 lb. for those 
born after. Both the girls with A.S.D. and their normal sisters were a little lighter than the boys 
with A.S.D. and their normal brothers, but the differences were less than the expected mean difference 
of 0-2 Ib. 

We have not found any significant difference in birth weights for our patients with persistent 
ductus (Polani and Campbell, 1960) or with pulmonary valve stenosis (unpublished data)—not even 
the small decrease found for those with an atrial septal defect—either for boys or for girls. We did 
find, however, that girls with coarctation were significantly lighter than their normal sisters (6-52 
instead of 7-35 lb.) but this was not so for the boys with coarctation. 


X. THE SEASONAL INCIDENCE OF BIRTHS 


The small differences that we have found in the seasonal incidence of births do not seem to be 


significant, either for girls or for boys, so this section need be read only by those who might want to 
compare our findings with series of their own or might be interested in the methods employed. Fo 


this reason we have given the births by months as well as by the conventional quarters, although thx 


monthly figures are small. It might seem unreasonable to think of any possible difference betwee 
the number of births at different seasons, but girls with persistent ductus were born more frequent! 
from August to October and less frequently from December to March; and boys with coarctatio 
of the aorta were born more frequently from December to July. 

The births of our patients with atrial septal defect were spread over a wide period from 190 
to 1951. Because of this wide spread we have thought it best to compare the season of birth of ot 
patients with that of their normal sibs. These are set out by quarters in Table VII and by month 
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TABLE VII 
QUARTERLY INCIDENCE OF BIRTHS OF PATIENTS WITH ATRIAL SEPTAL DEFECT AND THEIR NORMAL SIBS 











January April July October 

to to | to to 

March June | September | December 
me Boys (53) ww 22 | 12 8 11 
W°hA.S.D.< Girls (112) = a 29 29 28 26 
Total (165) es os 51 41 36 37 
i Boys(178)  .... 49 41 45 | 43 
N rmal sibs< Girls (144) des =a 30 43 33 38 


Total (322) oa ot 79 84 78 81 





in Table VIII. Before the War normal births were rather more common in the second quarter of the 
yc ur, though up to 1923 the number in the first quarter was sometimes greater than in the second: 
fr m 1940 onwards the seasonal incidence of births was unusual because of the disturbed conditions 
di ring and for a time after the War. We, therefore, analysed the figures separately for the years 
1° )1-22, 1923-39, and 1940-51 and the figures for these three periods are shown separately in smaller 
ty »e under the main figures in Table VIII. 

Nearly twice as many boys with atrial septal defect were born in the first quarter of the year as in 
each of the other three quarters. There was no difference in the number of girls with atrial septal 
defect born in each quarter. Nor was there any significant difference in the number of normal sibs 
bern in each quarter, though curiously there were rather more normal boys and fewer normal girls 
bern in the first quarter. 

The larger number of boys with A.S.D. born in the first quarter was due to the unusual number 
born in January and to a lesser extent in February but this must be of doubtful significance for fewer 
were bornin Marchand December. The smallest number of boys were born from July to September. 
More girls were born in May than any other month, but June and July had relatively few births and 
otherwise they were evenly spaced. None of these differences can be proved to be significant and 
they may all be due to chance, but it seems worth collecting more data to settle this. 


SUMMARY AND CONCLUSIONS 


We have made enquiries about the families of 170 patients with atrial septal defect for genetic 
or environmental factors that might help to explain its etiology. Many of our patients (16%) had 
also other malformations of the heart, but generally these were less important. Some had non- 
cardiac malformations as well. 

A congenital malformation of the heart, most often an atrial septal defect, was found more often 
than would be expected by chance in the sibs of our propositi with atrial septal defect (1-1°%) and in 
their parents (1-:3°%). Many sibs, perhaps more than would be expected, had also non-cardiac 
malformations (2°1°%). 

The parents of the propositi were first cousins more often than would be expected (1-9%%). 
This suggests that some of the cases are due to recessive Mendelian inheritance. When two mem- 
bers of a family each have an atrial septal defect, they are almost equally likely to be a parent and 
child or two sibs. In some families there is good evidence of dominant Mendelian inheritance with 
incomplete penetrance. We think that these two mechanisms could explain only a proportion of 
cases and that environmental factors also are of importance. 

Mean paternal age exceeded mean maternal age by 3-03 years, which is more than the normal 
difference (2-3 years) and may point to a genetic error, at least in some cases. Neither maternal age 
nor birth order were proved to have any effect on the incidence of atrial septal defect, but there were 
several first-born children of mothers of 35 and over and we think this is worth further investigation. 
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As in most reported series, there were more girls and women than boys and men, the ratio 
ng 1:7:1. The sex incidence was more nearly equal in the first decade, but the reason for this 
not clear. Both boys and girls with atrial septal defect were a little lighter at birth than 
ir normal sibs, particularly the boys. 

More boys with atrial septal defect were born in January and February and the excess was enough 
make the births in the first quarter about double the births in the other three quarters. There 
s no difference in the quarterly incidence of births for the girls. 


We are most grateful to Dr. Evan Bedford for sending out our questionnaire to 94 of his Middlesex patients, and 
iim and to Dr. Besterman for help in getting more details about some of their answers. We should like to thank 
) Dr. Wallace Brigden, Philip Evans, John Goodwin, John Hay, and Paul Wood for so kindly giving us infor- 


tion about the age and sex incidence of their patients with atrial septal defect. 
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ATRIAL SEPTAL DEFECT IN THREE GENERATIONS 


BY 
G. HOWITT 
From the University Department of Cardiology, Manchester Royal Infirmary 


Received December 21, 1960 


Congenital heart disease occurs in two or more members of a family more often than can be 
accounted for by chance. Campbell (1959) found the condition to occur less commonly in parent 
and child than in sibs, and it occurs much less frequently in three generations, but he had two such 
families in his series: in one the girl, her mother, and grandmother all had atrial septal defects; in 
the other the boy and mother had aortic stenosis and the grandfather was said to have had a 
similar heart condition but had not been examined. 


DETAILS OF THE FAMILY 


In this report a family is described where the grandmother, mother, and child all had proved 
atrial septal defects. There does not appear to be any similar family reported where the congenital 


TABLE I 
CLINICAL FINDINGS AND INVESTIGATIONS IN THREE PATIENTS WITH ATRIAL SEPTAL DEFECT 








Grandmother, aged 55 | Mother, aged 27 Child, aged 6 


Clinical examination 
Cardiac impulse suggestive of en- | Typical of ostium secundum defect. | Cardiac impulse suggestive of en- 


largement of both ventricles. largement of both ventricles. 
Harsh long systolic murmur maximal | Short rough systolic murmur over 
at LSE well heard at apex. Short whole precordium. Short tricuspid 
tricuspid flow murmur. | flow murmur. 
B.P. 130/80. B.P. 115/80. | B.P. 85/50. 











Fluoroscopy 
C.t.r. 15:5:24 cm., 65 per cent C.t.r. 15:26-5 cm., 57 per cent | C.t.r. 10:18 cm., 56 per cent 
Enlargement of both ventricles and | Typical of ostium secundum defect. | Prominent P.A. and over-vascularized 
of P.A. lung fields. 
Electrocardiogram 
P-R interval 0-36 sec. P-R interval 0-24 sec. 
rSR in V1. QRS 0-08 sec. rSR in V1. QRS 0-08 sec. | QRS normal. 


S-T depression and T wave inver- | S-T depression and T wave inver- | T wave inverted V1-VS5. 
sion V1-6. sion V1-6. 
Electrical axis—normal. | Electrical axis—normal. | Electrical axis—normal. 





Cardiac catheterization | 
P.A.P. 22/7; mean 12 P.A.P. 21/8; mean 12. | P.A.P. 26/14; mean 20 
R.V. pressure 37/0 R.V. pressure 40/0 R.V. pressure 39/4 
| 





Shunt through ASD | Shunt through ASD ASD catheterized 
Systemic flow 3-5 L/M Systemic flow 4:2 L/M | Systemic flow 1-3 L/M 
Pulmonary flow 15-6 L/M Pulmonary flow 12-9 L/M | Pulmonary flow 3-4 L/M 
| Left sided SVC 
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heart lesion has been fully investigated in all three generations. The important findings in these 
three patients are given in Table I and the family tree is shown in Fig. 1. In the propositus (the 
child: V, 1, Fig. 1) and the grandmother (III, 2, Fig. 1) the diagnosis was in doubt priorto catheteri- 
zation: the clinical and radiological features in these two patients suggest that the defect is of the 
ostium primum type, whereas the mother (IV, 2, Fig. 1) most probably has an ostium secundum 
defect. Only the child has a left-sided superior vena cava. It is possible that the great grandfather 
(1. 4, Fig. 1) suffered from congenital heart disease but there are no means of obtaining more 

inite information on this point: he had suffered from heart disease all his life and had a tendency 


l 1 20 


hehe 49 
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* PROVED ATRIAL SEPTAL DEFECT 
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V 1@* 20* * MEMBERS EXAMINED 


Fic. 1.—Family tree, showing a woman, her only daughter, and one of her two grandchildren, all with 
atrial septal defect. II 4 also may have been affected (see text). 


to become cyanosed. He died at the age of forty and his death certificate (1919) states that death 
was due to “Pneumonia, mitral and aortic endocarditis, congestive heart failure.” The great 
great grandmother (I, 2, Fig. 1) was said to be a sufferer from heart disease but she lived to the age 
of seventy-three. There was no history of heart disease in any other member of the family shown in 
Fig | and there were no consanguineous marriages. 


DISCUSSION 


The factors responsible for multiple cases of congenital heart disease in a family have been dis- 
cussed recently by Carleton et al. (1958), by Campbell, and in an annotation in the British Medical 
Journal (1959). Environmental causes, apart from rubella in pregnancy, have never been shown 
to play an important role and it seems most likely that genetic factors are responsible, although it is 
difficult to elucidate the actual mode of inheritance. Campbell states that although there is no 


decisive evidence, except in situs inversus, the general picture is compatible with recessive Mendelian 
inheritance. 
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It is usual for the defects in a family to be of a similar nature and this has certainly been o 


r 


experience. In the seven families we have investigated where there are two members affecte |, 


parent and child in three and sibs in four, the lesion has been the same or similar in each family. 


There seems little doubt that in the family described here the cause is genetic and a stro ; 


US 


probability in this particular instance is that the defect has been inherited as a Mendelian dominai . 


SUMMARY 
A family is described in which a woman, her daughter, and her grand-daughter all had atri 
septal defect. In this family the defect appears to have been inherited as a Mendelian domina 
character. 


I wish to thank Sir Robert Platt for his advice, Dr. Morgan Jones and Dr. E. G. Wade for their help and permissic 
to publish these cases, and the Department of Medical Illustration for the preparation of Fig. 1. 
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CORRECTED TRANSPOSITION OF THE GREAT VESSELS 


BY 
W. BECK, V. SCHRIRE, L. VOGELPOEL, M. NELLEN, AND A. SWANEPOEL 


From The Cardiac Clinic, Groote Schuur Hospital and Department of Medicine, University of Cape Town 
Received November 29, 1960 


Corrected transposition of the great vessels is a congenital anomaly first described by von 
F okitansky in 1875. In its most common form it consists of transposition and inversion of the 
g eat vessels and inversion of the ventricles, while the atria and their venous connections are normally 

uated. The right atrium connects with the left ventricle via a bicuspid valve on the right side and 
| is right-sided, but anatomically left, ventricle joins the pulmonary trunk arising posteriorly and to 
le right of the aorta. Similarly, the left atrium connects via a tricuspid valve to an anatomically 
zht ventricle on the left side, from which arises the aorta anteriorly and to the left of the pulmonary 
trunk. The great vessels then ascend side by side without crossing over in the normal manner. 
I): this way the aorta receives oxygenated blood and the pulmonary artery desaturated blood. In 
addition the coronary arteries show inversion and transposition. The plane of the interventricular 
septum is rotated through 180 degrees so that it runs from the back to the front and from left to 
right (De La Cruz et al., 1959). The interior of the right ventricle has all the anatomical features of 
a normal left ventricle, while the left-sided ventricular chamber has the features of a right ventricle. 
Walmsley (1931) has demonstrated the reversal of the usual pattern of the conduction system in that 
the atrio-ventricular bundle and its branches proceed along the septal wall of the right-sided ven- 
tricle. Cardell (1956) and Anderson et al. (1957) have reviewed the various types of corrected 
transposition that may occur. These types depend on the presence of sinu-atrial, ventricular, and 
bulbar inversion in various combinations. 

Various embryological explanations have been given in an attempt to understand the mechanism 
of development of this abnormality. Spitzer’s (1929) conception of the role of torsion and detorsion 
has been accepted by some, while others like Walmsley (1931) believe that situs inversus of the ventri- 
cular loop is the basic defect. More recently, De La Cruz et al. (1959) have presented a theory 
based on the findings of Kramer (1942), Davis (1927), Streeter (1948), and Licata (1954) who have 
studied a large number of human embryos at the Department of Embryology of the Carnegie 
Institute, Washington and other universities. They conclude that corrected transposition, in any 
of its varieties, is a complex malformation in which two embryonic elements are involved, namely 
the bulbo-ventricular loop and the cono-truncal septum. They propose an embryological explana- 
tion of the defect in a normally situated heart, in mirror image dextrocardia, and in dextro-rotation. 

Corrected transposition rarely exists as an isolated abnormality. Cardell (1956) mentions two 
patients without associated abnormalities, one of whom had heart block. Edwards et al. (1954) 
quote a patient, in whom the defect existed as an isolated asymptomatic lesion. More recently 
Schaefer and Rudolph (1957) reported a patient who died in congestive heart failure at the age of 
36 with heart block, but there was no other abnormality. The vast majority of cases have some 
associated lesion, an atrial septal defect, ventricular septal defect, patent ductus, coarctation, or 
pulmonary stenosis. In Anderson’s excellent paper (1957) the commonest anomalies were ventri- 
cular septal defect and pulmonary stenosis. Kernen (1958) reported two cases with ventricular 
septal defect, patent ductus, and preductal coarctation of the aorta. Gibbons (1956) reported three 


Since this paper was submitted for publication we have encountered three more cases of corrected transposition, 
two with Fallot’s tetralogy and one with ventricular septal defect. 
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patients with pulmonary stenosis. The association of corrected transposition with ventricular sept | 
defect and atrio-ventricular heart block is found with sufficient frequency to constitute a clinic | 
syndrome. It has been suggested (Anderson et a/., 1957) that severe pulmonary hypertension occu 5 
more frequently in corrected transposition with ventricular septal defect than in uncomplicat: | 
ventricular septal defect. Another defect of importance, occurring with or without the oth r 
defects, has been stressed by the Mayo group (Helmholtz et a/.,1956; and Becu et al., 1955), name 
left atrio-ventricular valve insufficiency and sometimes this is an Ebstein type of malformatio . 
Anderson et al. (1957) also reported one case of left atrio-ventricular valve stenosis. 

Five patients with corrected transposition seen in this institution in the past year are presente | 
in some detail. The clinical and catheter diagnosis as well as the possibility of surgical repair < ° 
associated defects are discussed. 


CASE REPORTS 


Case 1. M.B., a European girl of 5, was first seen at the age of 3 months with feeding difficulty, 
dyspnoea, and a chronic cough, congenital heart disease being diagnosed. The child had always been unde: 
developed and was disabled. 

The physical signs included normal peripheral pulses and a blood pressure of 100/70 mm. Hg. The 
jugular venous pulse showed a dominant ‘“‘a’’ wave. The heart was enlarged, a marked apical thrust being 
felt in the anterior axillary line in the sixth intercostal space. There was a palpable parasternal heave and 
systolic thrill with a palpable second sound at the second left intercostal space. On auscultation, a harsh, 
moderately loud (grade 3 of 6 grades) systolic murmur, stopping before the aortic second sound, was heard 
maximally at the fourth left intercostal space. The second sound was loud and closely split and was followed 
by a short, early diastolic murmur. At the apex there was an opening snap and a moderately loud (grade 
2/4), short mid-diastolic murmur (Fig. 1). The electrocardiogram showed sinus rhythm with a normal P 
wave and a P-R interval of 0-20 sec., atrio-ventricular dissociation occurred intermittently, and Q waves 
were present in leads III and in AVF. The precordial leads showed an R wave of 6 mm. and an S wave of 
26 mm. in lead V1, and an R wave of 20 mm. and an S wave of 16 mm. in V6. No Q waves were present 
in the precordial leads (Fig. 2a). The postero-anterior radiogram showed a globular heart with considerable 
cardiomegaly and grade 2/4 pulmonary plethora. There was a narrow pedicle with an invisible pulmonary 
artery segment (Fig. 3A). 

The clinical diagnosis was ventricular septal defect with pulmonary hypertension and a large left-to-right 
shunt. The opening snap suggested additional left atrio-ventricular valve disease. At cardiac catheteri- 
zation, the right ventricular and pulmonary arterial systolic pressures were equal to systemic and there was 
evidence of arterialization at the ventricular level. No wedge pressure was obtained. In this instance there 
was no difficulty in entering the pulmonary artery. The pulmonary blood flow was calculated at 14-7 
litres/min. and the systemic at 4 litres/min. The pulmonary vascular resistance was 3 units. No postero- 
anterior or lateral films were taken with the catheter in the pulmonary artery, since the case was catheterized 
before we were aware of this condition. 

Surgical correction of the ventricular septal defect, utilizing cardio-pulmonary by-pass, was performed. 
At thoracotomy corrected transposition was noted (Fig. 4) the pulmonary artery being situated posteriorly 
and to the right of the aorta. A branch of the right coronary artery crossed in front of the outflow tract of 
the functional right ventricle near the origin of the pulmonary trunk. Ventriculotomy was performe:! 
avoiding the coronary vessel. Complete heart block occurred before the patient was put on by-pass. The 
interior of the right ventricle had the anatomy of a left ventricle. The ventricular septal defect was ver: 
easily seen and closed with an Ivalon patch. The right ventricular pressure dropped from systemic leve' 
to 35 mm. Hg. 

Despite the persistent heart block the patient did well except for one Stokes-Adams attack. Althoug! 
unable to take part in vigorous exercise she lived a reasonably normal and active life. On examination, ii 
addition to the signs associated with complete heart block, pansystolic and mid-diastolic murmurs and a1 
opening snap were present at the apex (Fig. 1). A loud single second sound at the second left intercosta 
space suggested persistence of pulmonary hypertension. Re-catheterization one year after operation showe: 
corrected transposition, complete repair of the ventricular septal defect, and normal pulmonary arteria 
pressures. The loud component of the second heart sound at the second left intercostal space was therefor: 
aortic and not pulmonary in origin. She died suddenly 15 months after operation. At necropsy there wa 
corrected transposition and an abnormal tricuspid left atrio-ventricular valve. 
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CORRECTED TRANSPOSITION 








Fic. 1.—The pre-operative (A) phonocardiogram (Case 1) at the second left intercostal space (PA), fourth left 

intercostal space (4LS) and medial to apex (MA-INT) shows an “ejection” type systolic murmur. The 
second sound is narrowly split and accentuated in keeping with pulmonary hypertension. The pansystolic 
murmur, opening snap, and mid-diastolic murmur at the apex (MA) indicate left atrio-ventricular valve 
disease, confirmed by their persistence after repair of the ventricular septal defect (B). After operation, 
which has produced complete heart block, the systolic murmur becomes pansystolic at all areas and the 
pulmonary regurgitant murmur persists. The pre- and post-operative tracings are not recorded at the 
same sensitivity and the bottom two PCG’s are not synchronously recorded with the top two. 








BECK, SCHRIRE, VOGELPOEL, NELLEN, AND SWANEPOEL 


H 


Fic. 2.—The electrocardiograms in Cases 1 to 4 (a—d respectively) are discussed in the text. 


Case 2. A.E., a European boy aged 14 years, was referred by a school doctor because of a cardiac 
murmur. There was a history of cyanosis and frequent respiratory infections in infancy, which had been 
attributed to thymus enlargement and for which X-ray therapy was administered. In childhood he was 
subject to frequent coughs and colds, tired easily, and was moderately disabled by dyspnoea. -He was mentally 
retarded. 

The physical signs at 5, 10, and 14 years were essentially the same. The pulse was always small and the 
blood pressure at times unrecordable. The jugular venous pressure was normal. The apex beat was 
thrusting and displaced slightly outwards. There was a marked parasternal lift and a palpable second 
sound in the second left intercostal space. A harsh, grade 3/6 short “‘ejection’”’ systolic murmur maximal 
at the fourth left space, but radiating medially to the second space to the left and the right of the sternum 
was heard, and its intensity was increased after amyl nitrite inhalation. The second sound was greatly 
accentuated and closely split at both aortic and pulmonary areas where a systolic ejection sound was recorded. 
A soft, early diastolic murmur was audible at the fourth left intercostal space and there was a third sound 
and a doubtful mid-diastolic murmur at the apex. 

The electrocardiogram (Fig. 2b) showed sinus rhythm with a P-R interval of 0-20 sec. In V1 there was a 
26-mm. R wave and a 16-mm. S wave, in V6 a 12-mm. R wave and no S wave. Small Q waves were present 
in leads 1, V5, and V6. The postero-anterior skiagram showed normal heart size and a convex shadow cn 
the upper left-hand border (Fig. 3B), which pulsated freely on screening. 

The clinical diagnosis was aortic stenosis with a left-to-right shunt at ventricular level. At cardi:c 
catheterization the pulmonary trunk was entered, though with difficulty, and a systolic pressure of 80 mm. F g 
was recorded there and in the right ventricle. The left ventricle was entered via a foramen ovale and tie 
systolic pressure in the left ventricle and in a systemic artery were both 100 mm. Hg, thus excluding aort c 
stenosis. Unfortunately no samples were taken from the right ventricle or pulmonary artery. A shunt w.'s 
not demonstrated at the atrial level. An angiogram from the left ventricle (Fig. 5a) showed the aorta arisii g 
from the left ventricle and running upwards along the left border of the heart. The pulmonary arte y 
was also opacified suggesting a left-to-right shunt at the ventricular or pulmonary artery level. A wece< 
later he was re-catheterized from the left arm but on this occasion the right ventricle could not be entere: ’. 
The right atrio-ventricular valve appeared to be abnormally placed. An angiocardiogram from the rigi t 
atrium (Fig. 5b) showed filling of the pulmonary arteries, the pulmonary trunk being medially place: . 
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Fic. 3.—({A) Anterior view of Case 1, showing the globular heart with considerable cardiomegaly and pul- 
monary plethora. The pedicle is narrow with an invisible pulmonary artery segment. (B) Case 2 has 
a normal-sized heart but there is abnormal shadow with a lateral convexity on the left upper border of the 
heart. (C) Anterior view in Case 3 shows a normal-sized heart with a pulmonary bay, a large right pul- 
monary artery and pulmonary oligemia. (D) Anterior view of Case 4. Dextrocardia with situs inver- 
sus is shown and the heart is slightly enlarged. A prominent bulge above the left pulmonary artery is 
related to the superior vena cava and there is considerable pulmonary plethora. 


A dye-dilution curve recorded at the brachial artery following injection into the right atrium showed con- 
siderable distortion of the disappearance slope consistent with a moderate left-to-right shunt. A catheter 
diagnosis was made of corrected transposition with pulmonary hypertension and a moderate left-to-right 
shunt presumably at ventricular level. Surgical correction of the ventricular septal defect is being considered. 





BECK, SCHRIRE, VOGELPOEL, NELLEN, AND SWANEPOEL 


Fic. 4.—Case 1. The heart, exposed at operation, shows the transposition of the great 
vessels with the aorta and pulmonary arteries lying side by side. The “right” 
coronary artery can be seen crossing the outflow tract of the right ventricle. 


Case 3. L.D., a white boy aged 7 years, was first discovered to have congenital heart disease at the 
age of 9 months, when he became cyanosed during a respiratory infection. Since that time, his mother 
had observed cyanosis in cold weather and effort dyspneea but no squatting. At the age of 2 he was admitted 
for excision of an accessory left cervical auricle. Thereafter his disability had increased, so that by the time 
of admission he was spending more time out of school than in. On examination, moderate cyanosis and 
clubbing was noted, the jugular venous pressure and pulses were normal and the blood pressure was 110/80 
mm. Hg. The apex was in the normal situation, there was a lift in the second left intercostal space with a 
palpable second sound and a systolic thrill. A long, loud (grade 4/6) systolic murmur was present partially 
obscuring the aortic sound (Fig. 6A) radiating widely to the neck, the right of the sternum and the apex. 
A soft delayed pulmonary sound was heard at the second left intercostal space. Phonocardiography con 
firmed these findings (Fig. 6A), the A2—P2 interval being 0-08 sec. At the second right intercostal space the 
systolic murmur was quite intense and P2 was recorded. The murmur softened with amy] nitrite inhalation 

The electrocardiogram (Fig. 2C) showed sinus rhythm with a P-R interval of 0-18 sec. In V1 there wa 
a 6 mm. R wave and a 2:5 mm. S wave, and in V6 a 9 mm. R wave and a 2 mm. S wave. Small Q wave 
were present in leads 1, AVLand V6. Deep, wide S waves were present in leads V2-V5. The anterior X-ra’ 
(Fig. 3C) showed a pulmonary bay, a prominent right pulmonary artery, and pulmonary oligemia. Th 
clinical diagnosis of Fallot’s tetralogy was made. 

At cardiac catheterization the left atrium and left ventricle were entered from the right atrium, but th: 
pulmonary trunk could not be entered from the right ventricle. The systemic and right ventricular pressure 
were identical at rest and after circulatory manipulation with amyl nitrate and phenylephrine, proving th: 
presence of a large ventricular septal defect (Vogelpoel et a/., 1959, 1960). Saturation data and dye dilutio1 
curves established a bidirectional shunt at atrial and ventricular levels. The major shunt was at the atria 
level, mainly right to left. An angiogram from the right ventricle (Fig. 6B) showed infundibular stenosi 
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Fic. 5.—Case 2. A selective angiocardiogram from the left ventricle (a) outlines the aorta arising 
from the left ventricle and running up along the left upper heart border. The selective 
angiogram from the right auricle (b) shows filling of the pulmonary arteries, the pulmonary 
trunk being medially placed. 
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Fic. 6.—Case 3 (A). A long systolic murmur partially obscuring A2 is shown at the 2nd left and right inter- 
costal spaces radiating to the 4th left intercostal space and apex. A soft pulmonary second sound at the 
2nd left and right intercostal spaces the A2-P2 interval being 0-08 sec. (B) The selective angiogram 
from the right ventricle outlines the narrowed outflow tract of the right ventricle and the pulmonary 
arteries displaced to the right. The right pulmonary artery is far larger than the left. The aorta 
ascended to the left of the pulmonary trunk. 


and displacement of the pulmonary arteries markedly to the right. The right pulmonary artery was dis- 
proportionately enlarged compared with the left. An angiogram from the left ventricle showed the aorta to 
the left of the pulmonary arteries, which were slightly filled from the left ventricle. An angiogram from the 
left atrium filled all chambers, aorta, and pulmonary trunk. The catheter diagnosis was “‘pentalogy” of 
Fallot, with bidirectional shunts at both atrial and ventricular levels and corrected transposition. Although 


the pulmonary trunk could not be entered, there was sufficient evidence to support the amen of severe 
pulmonary stenosis. Operation was not advised. 

Case 4. C. G., a European man aged 35 years, was discovered to have heart oon at the age of 6 
months. He had always been cyanosed and was moderately disabled by effort dyspncea. The physical 
signs included slight cyanosis and clubbing of fingers and toes, a full peripheral pulse at 45 a minute, and a 
blood pressure of 130/75 mm. Hg. Dominant ‘‘a’’ waves were seen in the jugular venous pulse and at times 
these became “‘cannon’’ waves. There was complete dextrocardia with situs inversus. The cardiac 
impulse was normal and there was a systolic thrill maximal over the third right intercostal space to the right 
of the sternum. The first heart sound was constant and wide splitting of the second heart sound could be 
heard in the second to fourth right intercostal spaces. The pulmonary component was of normal intensity 
but markedly delayed (0-08 sec. in held expiration). A grade 4/6 pansystolic murmur maximal in the 
second right intercostal space was present and after amyl nitrite inhalation there was no change in heart rate 
nor in intensity of the murmur. There was no diastolic murmur. 

The cardiogram (Fig. 2d) showed a bradycardia of 45 a minute and a P-R interval of 0-12 sec. The rhythm 
varied between high and low nodal. The P waves were inverted in leads 2, 3, AVF and across the right 
precordium from V4R to V7R, and were upright in AVR, AVL, V3R, V2, and V1. Reversing the right 
and left limb leads did not alter the polarity of the P waves, thus favouring an abnormal origin of the impuls«. 
The QRS complex showed an rS pattern in V2, a 5-mm. R wave and a 56-mm. S wave in V3R and a 12-mni. 
R wave and no S wave in V7R. Small q waves were present in V6R and V7R. 

The X-ray (Fig. 3D) showed dextrocardia with situs inversus and a slight increase in heart size with 1 
prominent bulge above the left pulmonary artery and moderate pulmonary plethora. 

The clinical diagnosis was dextrocardia with situs inversus and mild pulmonary stenosis with a b - 
directional shunt at atrial level. Corrected transposition was suspected because of the arrhythmia. 

At cardiac catheterization, the catheter was advanced from the right basilic vein into the superior ven. 
cava and right atrium situated on the left. The right ventricle was entered but not the pulmonary trun! . 
The catheter was repeatedly and readily passed from right atrium into the left atrium and left ventricle. Th: 
pressure in the right ventricle was 60/5 and in the left 140/10, a simultaneous pressure in the femoral arter ’ 
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Fic. 7.—Case 5. The electrocardiogram shows right ventricular hypertrophy. The phonocardiogram shows a 
short “ejection” type systolic murmur associated with pulmonary flow and/or a ventricular septal defect 
with balanced pressures and left-to-right shunt. The second sound at the second left intercostal space (PA) 
is normally split and accentuated, being followed by an early diastolic murmur. At the second right inter- 
costal space (AA) a typical continuous murmur is recorded. 


being 140/75 mm. Hg. The pressure in the left atrium was 8/4 with a mean of 4, and the right atrium 4/2 
with a mean of 3mm.Hg. The peculiar bulge along the left upper cardiac border was related to the superior 
vena cava. There was clear cut evidence of arterialization in the superior vena cava and the right atrium. 
Samples from the left atrium, left ventricle, and femoral artery had an identical saturation of 82 per cent 
while that from the right ventricle, was 79 per cent. A selective angiogram from the left ventricle showed 
the aorta arising from the left ventricle and occupying the upper right cardiac border, whereas an angiogram 
from the right ventricle showed a centrally placed pulmonary trunk, establishing the presence of corrected 
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transposition. Dye dilution curves recorded at the femoral artery following injection into the right ventri :!e 
showed disproportionate prolongation of the disappearance slope suggesting a large left-to-right shunt, whe e- 
as the curve following injection into the superior vena cava showed a large right-to-left shunt in addit: )n 
to the prolonged disappearance slope, thus proving a right-to-left shunt at atrial level. The catheter findi: :5 
therefore revealed the presence of a bidirectional shunt at atrial level. Since the left and right atrial press: re 
pulses were so dissimilar, a common atrium seemed unlikely. Atrial septal defect with partial anomalk: is 
venous drainage into the superior vena cava appeared to be the most likely diagnosis. Dextrocardia « id 
corrected transposition have been shown and there may be mild pulmonary stenosis. The patient | as 
refused operation. 

Case 5. S.N., a Bantu girl of 4, was first seen at the age of 9 months because of failure to thri e. 
A diagnosis of ventricular septal defect was made on the basis of a loud parasternal murmur and thrill. By : 1e 
age of 2, effort intolerance had developed and evidence of left ventricular enlargement was present with .n 
apical mid-diastolic murmur as well as the widespread systolic murmur. Frequent colds and poor develc.)- 
ment remained prominent features and since she failed to improve she was admitted for investigation. 

Slight clubbing of the fingers was noted and cyanosis suspected (always difficult to assess in the dark ‘ly 
pigmented races). The peripheral pulses were normal and the blood pressure was 100/70 mm. Hg. The 
jugular venous pulsations and pressures were normal. The heart was enlarged and an apical thrust 
was felt in the sixth space in the mid-axillary line. There was a palpable parasternal heave and the secoiid 
sound could be felt in the second left intercostal space. A widespread systolic thrill maximal at the fourth 
parasternal space was present. At the apex there was a soft blowing systolic murmur followed by a third 
sound and short soft diastolic murmur, while at the fourth parasternal space the systolic murmur was 
louder (4/6) but also short, stopping clearly before the second sound (Fig. 7). At the second left intercostal 
space the second sound was normally split (0-03 sec.) with a loud pulmonary component and an early 
diastolic murmur. At the second right intercostal space radiating to the midline there was a loud continuous 
murmur with all the features of a patent ductus. 

The electrocardiogram (Fig. 7) showed sinus tachycardia of 110 a minute with a P-R interval of 0-16 sec, 
Right axis deviation was present with an R in lead 1 of 7-5 mm. and anS of 15mm. In V1 the R wave was 
28 mm. with an intrinsicoid deflection of 0-04 sec. and the S wave was4mm. A minute Q wave was present 
in V6 and V7. In V6 the R wave was 13 mm. andthe S8 mm. The postero-anterior radiogram showed a 
globular heart with a prominent left upper border, a narrow pedicle and marked pulmonary plethora 
(Fig. 8a). , 

The clinical diagnosis was ventricular septal defect with pulmonary hypertension, a right-sided patent 
ductus, and pulmonary regurgitation. At the first cardiac catheterization (from the right arm) the aorta 
was readily entered from the right ventricle, but the pulmonary trunk could not be entered. The right 
ventricular and aortic systolic pressures were identical and there was evidence of a bi-directional shunt at 
ventricular level with an arterial saturation of 88 per cent. Selective angiocardiograms showed good 
filling of a small aorta which was higher and more lateral than usual, both aorta and pulmonary arteries 
filling from the right ventricle. 

A second investigation (via the saphenous vein) confirmed the left ventricular desaturation (right-to-left 
shunt). Contrast material injected into the left ventricle outlined the transposed aorta (Fig. 8c) and showed 
the left ventricle occupying the upper border of the heart normally formed by the right ventricular outflow 
tract. A left-to-right shunt at ventricular level was confirmed and contrast medium injected into the right 
ventricle showed simultaneous opacification of the aorta and pulmonary arteries with medial displacement of 
the latter (Fig. 8b). The pulmonary trunk and main branches were considerably larger than the smail 
aorta. A lateral angiogram from the right ventricle showed the aorta and pulmonary trunk superimposed, 
both arteries lying side by side in the same horizontal plane. 

The diagnosis following cardiac catheterization was corrected transposition with ventricular septal defect 
and bi-directional shunt. Although the pulmonary trunk was not entered there was no phonocardiograph'c 
or clinical evidence of pulmonary stenosis and we thus assumed high grade pulmonary hypertension. The 
continuous murmur audible on the right side was attributed to a right pulmonary artery stenosis rather thai 
an aortico-pulmonary communication. 


DISCUSSION 


Although once considered a rare anomaly, the increasing reports in recent years suggest tha 
corrected transposition is not uncommon and will be more frequently recognized as clinicians an: 
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(c) 


Fic. 8.—Case 5. The anterior X-ray (a) shows a globular heart with a prominent left upper border, a narrow 
pedicle, and much pulmonary plethora. A selective angiocardiogram from the right ventricle (6) shows 
simultaneous filling of the aorta and pulmonary arteries with medial displacement of the latter. A selective 
angiocardiogram from the left ventricle (c) shows the abnormally placed left ventricle forming the left 
upper border of the heart, usually formed by the right ventricular outflow tract, and the transposed aorta is 
clearly delineated. 
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pathologists become aware of its existence. This is illustrated by our experience of finding five c: ses 
in one year after our attention had been drawn to the condition. 

In Cardell’s report of published cases (Cardell, 1956) there was an equal sex ratio, and most 0: er 
reports show no sex bias (Kernen, 1958). Anderson et a/. (1957), noted a preponderance of m ies 
as in ordinary transposition. In our series three were male and two female. 

As uncomplicated corrected transposition produces no physiological disturbance, the diagn. sis 
can usually only be made at necropsy as described by Edwards et al. (1954), Cardell (1956), « 1d 
Schaeffer and Rudolph (1957). Diagnostic clues during life may be provided by the presence of 
complete heart block or signs relating to the anomalous position of the aortic and pulmor. ry 
valves. Thus splitting of the second sound may be better heard along the right sternal border t! in 
along the left (Gasul et a/., 1959). In some cases a loud second heart sound may be heard in 1¢ 
second left interspace due to aortic valve closure, but this is generally misinterpreted as pulmon: -y 
valve closure indicating pulmonary hypertension. 

The presence of associated abnormalities, however, is almost invariable and these direct attenti_n 
to the heart. In our series, three had ventricular septal defects, one had Fallot’s pentalogy, aid 
one was a complex abnormality with a bi-directional shunt at atrial level, dextrocardia, and possil \y 
pulmonary stenosis. Malformation of the left atrio-ventricular valve was suspected in one patie at 
who had an opening snap and mid-diastolic murmur which persisted after surgical closure of a 
ventricular septal defect (Fig. 1): at necropsy an abnormal deformed left tricuspid valve was found. 

The clinical diagnosis of the associated abnormalities is usually not difficult and certain features 
may suggest the presence of corrected transposition. When pulmonary stenosis is present the 
systolic murmur may be better heard along the lower left sternal border than the second and first 
intercostal spaces and the loud aortic component of the second sound may be best heard in the 
second left interspace (Gibbons eft al., 1956; Anderson et al., 1957). These findings were not 
present in Case 4 where pulmonary stenosis was suspected but not proven owing to difficulty 
encountered in entering the pulmonary trunk. We were unable to confirm better splitting of the 
second heart sound along the right sternal border than along the left; in our Case 3 with tetralogy of 
Fallot and an atrial communication the second heart sound was widely split in both areas. In 
ventricular septal defect with pulmonary hypertension (Cases 1, 2, and 5) the second sound was 
unusually loud at all areas, but particularly so in the second intercostal space on the left, and the two 
components were superimposed. 

Anderson ef al. (1957) drew attention to certain important electrocardiographic features. 
Atrio-ventricular block is frequently encountered and P-R intervals are often greater than 0-20 sec. 
dissociation or heart block occurring in 6 of their 17 cases. In Cardell’s (1956) report 4 of 25 
cases had atrio-ventricular block. 

Of our 5 patients 3 showed some conduction disturbance: the first had a P—-R interval of 0-20 sec. 
and intermittent atrio-ventricular dissociation and the second a P-R interval of 0-20 sec. The third 
had varying nodal rhythm with an ectopic pacemaker similar to a case reported by Anderson et ai. 
(1957). Atrio-ventricular node disturbance, although highly suspicious, is not diagnostic of 
corrected transposition since we have a patient with ventricular septal defect and complete heart block 
in whom the great vessels were normally orientated. In former years, the association of ventricular 
septal defect with congenital heart block was stressed but this has not been confirmed in recent 
reports on large series (Kjellberg (1955), and Downing (1956)). Peaked P waves in lead II was a 
common finding in the series of Anderson et al. (1957) and was present in our Case 4. The QRS 
pattern is often described as reversed in that Q waves are present over the right precordial leacs 
and not over the left and the T waves are positive from V4R or V1 across the left of the chest; th’s 
may be due to depolarization of the septum occurring from the right to the left. However, similar 
changes may be found in ventricular septal defect with marked right ventricular hypertrophy in th: 
absence of corrected transposition. In three patients reported by Kernen (1958), there was neither 
heart block nor a reversal of QRS pattern. In our 5 patients Q waves were present over the left 
precordial leads in Cases 2, 3, and 4 but not inthe other two. In the presence of pulmonary stenosis 
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ibbons et al. (1956) described the mean QRS vector as directed quite posteriorly resulting in deep 
waves in mid and right precordial leads. Only one of Anderson’s patients showed this feature 
it was a striking finding in the tracing of our fourth patient with dextrocardia and suspected 
i;monary stenosis. The presence of this type of electrocardiographic pattern may therefore be 
i te helpful. 
The appearance of the anterior chest film may occasionally be of assistance as pointed out by 
derson et al. (1957). The ascending aorta coursing along the left upper border of the heart may 
‘duce a shadow with a straight or concave lateral border or at times a distinct convexity in the 
ion normally occupied by the main pulmonary artery. The medially placed main pulmonary 
2ry may produce an indentation of the barium-filled esophagus in the anterior view, and occa- 
aally the left pulmonary artery is seen to arise more medially than normally as in our Case 5, 
ugh Anderson et al. (1957), claim that this latter finding is occasionally encountered in uncom- 
vated ventricular septal defect. Just as frequently, however, there is nothing remarkable about 
cardiac outline, except for the changes due to the associated defects. In Case 2 (Fig. 3), the typical 
iological appearance was present; in Cases 3 and 5 there were certain suggestive features whereas 
Cases 1 and 4 there were none. 
The findings at routine cardiac catheterization may not be at all helpful in making the diagnosis 
ess steps are taken to identify the position of either the pulmonary trunk or the aorta, or pre- 
ably both great vessels, in the antero-posterior and lateral projections. The right ventricle may 


> entered by the catheter in an unusual way (as in Case 2), since the plane of the right atrio-ventri- 
,.ar valve is transverse rather than vertical. Many reports have emphasized the difficulty in enter- 


; the pulmonary trunk which is due to the acute bend the catheter must take, since the right 
io-ventricular valve and the pulmonary valve are close together as in the case of the aortic and 
itral valves in the normal heart. The pulmonary trunk could not be entered in four of our 


patients. An antero-posterior X-ray of the catheter in the pulmonary trunk may not appear 
abnormal or it may show the trunk to be more medial than usual. The lateral film, however, 


wi 
th 


\| clearly show that the pulmonary trunk is far posterior to the anterior cardiac border and 
is will extablish the diagnosis. It is essential that a true lateral picture be taken (Fig. 9). 
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Fic. 9.—It is essential that a true lateral picture is taken with the catheter in the pulmonary trunk. An incorrect 
diagnosis of corrected transposition was made in this case on these plates, the lateral view being too oblique. 


the pulmonary trunk cannot be entered, a catheter inserted into the ascending aorta from the 
moral or brachial arteries will show the ascending aorta running along the left upper cardiac 
2L 
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border and in the lateral view it is abnormally anterior. If the left ventricle is entered, the ao~ ic 
valve appears to be placed at a higher level than normal. 

The simplest and most accurate way of demonstrating corrected transposition is by an; o- 
cardiography. Injection of opaque medium into the right ventricle will show the centrally < id 
posteriorly placed pulmonary trunk (Fig. 5, 6, 8). If there is a ventricular septal defect the ac ta 
may be outlined in its abnormal position (Fig. 8); if not, the aorta can be filled by the injection of : ye 
directly into the left ventricle (Fig. 5, 8). The angiogram may show that the right ventricle lacks ‘ts 
usual conus and that the cavity of the right ventricle is smooth and devoid of significant trabecu -. 
There is a tail-like extension of the right ventricle towards the apex behind the left ventricle in m: 1y 
cases. 

Surgical intervention is required only for the correction of the associated cardiovascular defe: is, 
Fink et al. (1958) state that prompt repair should be undertaken for surgically correctable defe: is, 
because the circulatory pathway is then restored to normality. Walker et al. (1958) reported >n 
three cases of corrected transposition with complete heart block in which associated ventricu ar 
septal defects were successfully repaired. It would appear that established heart block is well 
tolerated during open-heart surgery for repair of ventricular septal defects. According to Kern:n 
(1958), surgical experience indicates that the additional anomaly of corrected transposition does not 
alter the prognosis following repair of simple ventricular septal defects. When, however, cases 
have either no conduction defect or only partial heart block, the occurrence of complete heart block 
will be just as serious as in cases of uncomplicated ventricular septal defect undergoing heart surgery. 
Furthermore in cases without pre-existing heart block the predisposition to surgically induced 
complete heart block is apparently much greater than in uncomplicated ventricular septal defect. 
This may be related to the way in which the conduction system runs down the right ventricular aspect 
of the septum, making it difficult or impossible to avoid the bundle when placing the sutures. [n 
our Case 1, heart block developed during operation before the ventricle was opened (or the defect 
exposed), emphasizing the ease with which heart block can develop even without surgical inter- 
ference with the bundle. 

The surgical approach to the septal defect is modified in the presence of corrected transposition 
for several anatomical reasons. The anterior descending branch of the “‘right”’ coronary artery 
which runs down over the outflow tract of the right ventricle is not a serious problem (Fig. 4), and 
both the pulmonary valve and the ventricular septal defect can usually be adequately exposed by 
tunnelling underneath this vessel. The absence of a crista-supraventricularis in the right ventricle 
permits the ventricular septal defect to be more easily exposed, as in our first case. However, 
difficulty may be encountered in repairing an abnormality of the left atrio-ventricular valve 
which is usually tricuspid. If this valve is grossly incompetent, and the repair at the time of open- 
heart surgery inadequate, the outcome may be disastrous. Pre-operative assessment of the state of 
the left atrio-ventricular valve is therefore important. Because of these considerations it seems 
highly desirable that the surgeon should know of the presence of corrected transposition before he is 
confronted with it at thoracotomy. 


SUMMARY AND CONCLUSIONS 


Corrected transposition without associated defects can usually be diagnosed only at necropsy. 
When attention is drawn to the heart in life because of associated defects, certain features raise 
the possibility of coexisting corrected transposition. Thus, splitting of the second heart sound may 
be better heard at the right sternal border than on the left and an unusually loud aortic compone it 
can sometimes be heard at the second left intercostal space. In the presence of large shunts or 
pulmonary hypertension however, these signs become obscured. Signs of concomitant ‘mitra ” 
valve disease may also arouse suspicion. 
An important clue in some patients is the unusual appearance of the left upper cardiac border n 
the anterior X-ray due to inversion of the aorta and pulmonary trunk as they arise from the ventricles. 
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Perhaps the most suggestive feature of all is the presence of some degree of atrio-ventricular block 
on the electrocardiogram. 

The diagnosis can be established at cardiac catheterization. Ifthe catheter can be advanced into 
the main pulmonary artery (often difficult or even impossible) the anomalous position of the 
pu monary trunk can frequently be identified in the anterior X-ray film and with more certainty in 
the lateral projection. The most certain method of establishing the diagnosis is by angiocardio- 
gro Shy which clearly demonstrates the anomalous position of the great vessels. The peculiar 
an tomy of the ventricles may also be identified. 

The surgical treatment of the associated defects, particularly ventricular septal defect, is com- 
pl ated by the difficulty of opening the “‘right”’ ventricle due to the abnormal course of the coronary 
ar *ries. The presence of uncorrectable ‘‘mitral”’ valve disease also adversely affects the surgical 
re ilts. The frequent occurrence of heart block following surgical intervention is probably the 
m jor reason for advocating a conservative policy in the management of these cases. 
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There has been much argument for and against the value of the left atrial pressure tracing in tie 
assessment of mitral stenosis and regurgitation Attention was first directed to the height and 
shape of the V wave (Lagerlof and Werk6, 1949; Gorlin et al., 1952; Eliasch, 1952; Biorck et a/., 
1953; Logan and Turner, 1953; Connolly et a/., 1955) and later to the diastolic y descent expressed 
as the Ry/V ratio (Owen and Wood, 1955). While the use of the y descent generally provides a 
good guide to the type of mitral valve lesion present, an occasional case of dominant mitral regurgi- 
tation has a small V wave and an Ry/V ratio within the stenotic range (less than 1-7). 

The use of a pressure tracing to differentiate between mitral stenosis and regurgitation involves 
the assumption that a given change in the left atrial volume will, in different patients, result in the 
same change in left atrial pressure. However, two other factors beside the change in volume 
influence the pressure changes, namely the size of the left atrium and the elastic properties of its 
walls. An attempt has been made to assess the influence of these factors on the indirect left atrial 
pressure tracing and to review the value of the Ry/V ratio in the light of these findings. 


MATERIAL AND METHODS 


The Ry/V ratio (Owen and Wood, 1955) was estimated in eighty patients in whom a clinical 
diagnosis of dominant mitral stenosis had been made. In the forty-seven who were proven sub- 
sequently, at autopsy (two) or operation (forty-five), to have pure mitral stenosis, a comparison is 
made between the Ry/V ratio, atrial size, atrial elasticity, and the size of the mitral orifice. The 
eleven patients proven at operation to have varying degrees of mitral regurgitation are considered 
separately, and the remaining twenty-two, in whom all the relevant data were not available, were only 
used in Fig. 5 and in the assessment of the value of the Ry/V ratio. 

Indirect left atrial tracings were obtained by wedging a cardiac catheter during inspiration in the 
lumen of a small branch of the pulmonary artery and recording the pressures by means of a Sanbora 
electromanometer employing hydraulic damping, with either a Polyviso direct-writing recorder or 4 
photographic N.E.P. recorder. The criteria for a satisfactory wedged tracing were those of Owen 
and Wood (1955). The Fick method was used to determine the cardiac output, the sample cf 
expired air being collected over an interval of five minutes. Oxygen saturation of the blood samplks 
was estimated by the Haldane method. 

Assuming the tense left atrium to be a sphere, an expression for atrial volume was calculate 1 
from the diameter of the left atrial outline on P.A. and oblique radiographs taken at six feet. Thit 
this method gives a satisfactory value for the comparison of left atrial size is shown in Fig. 6, wheiz 


* Present address:—Royal Melbourne Hospital, Australia. 
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the relationship between increasing atrial size and atrial fibrillation is clearly shown. No allowance 
was made for the volume of the pulmonary veins since there is no readily available way of measuring 
this: the pulmonary veins in mitral stenosis tend to be constricted (Holling, 1951) and their volume 
js small in comparison with the volume of the distended left atrium. 

he value used to express the elastic properties of the atrial wall combines the elastic modulus 
of t! e tissue of the atrial wall (E) and its thickness in centimetres (d), and can be estimated only in 
case of “pure” mitral stenosis. In these cases the change of volume that causes the rise of pressure 
dur: :g the writing of the upstroke of the V wave can be calculated, if the cardiac output in litres per 
min te and the time between the mitral first sound and the opening snap is known. The assumption 
is r de that, in these cases of mitral stenosis with raised left atrial pressures, there is no significant 
vari tion in flow from the pulmonary capillaries into the pulmonary venous system during the cardiac 
cyc!. For example, if a patient with pure mitral stenosis had a cardiac output of 3-6 litres a 
mir ‘te (60 ml./sec.) and the time that the mitral valve remained closed (i.e. the time between the 
mit al first sound and the opening snap) was found to be 0-3 sec. the increase in volume during 
le would be 18 ml. (2 OO x 0-3=18 ml.) 

he rise of pressure that occurred during the time the mitral valve was closed (P; —P>) (Fig. 1) 

was measured from the lowest point of the y descent to the crest of the V wave. 


—- 


mn 


Sysi 


For wula: Where R=the radius of the atrium, 
5R=the increase in the radius occurring in the time between the mitral first 
sou id and the opening snap, and is small. 
P is (P;—P,), the rise in pressure during the increase in radius (Fig. 1), 
E is the elastic modulus of the atrial wall, and 
d is the thickness of the atrial wall: 
E qaP 
~ 48R 
if one considers two cases (Fig. 1) with atria of identical volume and elastic characteristics, and 
identical cycle flows, the slope of the y descent would be the same in each case and the left atrial 
pressure would be a measure of the degree of obstruction at the mitral valve, case A requiring a 
higher pressure to maintain the same mitral flow as B. 
The Ry/V ratio is the rate of the y descent divided by the height of the V wave. In Fig. 1, the 


Ry/V ratio is PiP2 x == Since the triangles P,;P,y and P,OZ are similar, tea and the Ry/V 
2 


P.y P,O’ 

: ; 1 . ins fan : 
ratio of A is therefore equal to oz the reciprocal of the time it would take for the left atrial 
pressure to fall to zero pressure if the y descent were continued as a straight line. This simple 
measurement avoids the usual calculations required when measuring the Ry/V ratio. Thus the 


» Ry/V ratio of A=; + and of he. The orifice is larger in B than A and clearly z is greater than 


Ta Tp Tp 
Because of this reflection of the size of the orifice, the Ry/V ratio was chosen as an expression 


of the left atrial pressure tracing to compare with variations in volume and elastic characteristics 


| of the atria, and the size of the mitral orifice. 


Great care was taken when assessing the slope of the y descent to ensure that it was not influenced 
by respiratory pressure changes. All respiratory intrapleural pressure changes become superim- 


| posed on an indirect left atrial pressure tracing, and when these are large they may so dominate the 
tracing that a y “‘descent” actually rises during ventricular diastole as the intrapleural pressure rises 


during expiration (Fig. 2). Conversely the slope becomes much steeper during inspiration when the 
two falling pressures are summated. 
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Fic. 1.—Diagrammatic representation of segments of left atrial pressure tracings fromtwo hypothetical 
cases of mitral stenosis, A and B, showing the upstroke of the V wave and the y descent. These 
cases are assumed to have the same volume and elastic characteristics and cycle flows, thus the 
difference in left atrial pressure reflects the smaller orifice size in A. The Figure demonstrates that 
the Ry/V ratio equals the reciprocal of the time taken for pressure to reach zero (ic. 7 and i). 
M;=Mitral first sound. OS =Opening snap. 
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Fic. 2.—Simultaneous electrocardiogram, phonocardiogram, and wedged pulmonary arterial pressure tracin; domin 
from a case of pure mitral stenosis (0-6 cm.2). The tracing shows the sharp fall in pressure sometimes seet orifice 
immediately after V, changing abruptly to a slower fall throughout the rest of the y descent (between arrows) the hi 
For reasons given in the text the latter part of the y descent was used in measuring the Ry/V ratio. Thi 
Figure also shows the flattening of the y descent during expiration, due to the rise in intrapleural pressure operat 
(Time markings 0-04 sec.) elastic 

















THE INFLUENCE OF ATRIAL SIZE AND ELASTICITY 515 


In some tracings, particularly when the atrium is small, there is an initial sharp fall in pressure 
following V, changing abruptly to a slower fall throughout the rest of the y descent (Fig. 2). That 
suc an abrupt change in the slope of the y descent in mitral stenosis could be caused by an abrupt 
decrease in flow through the mitral orifice so early in diastole is inconceivable. The siope of the 
des:ent when the Ry/V ratio was being measured was therefore taken from the later smoothly-falling 
pre sure in mid-diastole. This early abrupt fall is not an artefact of the indirect left atrial tracing, for 
it i clearly seen in direct pressure tracings and commences as the left ventricular pressure falls 
bel w the left atrial pressure (Fig. 3). It probably represents a downward movement of the valve 
cus »S, the reciprocal of the upward movement so often felt by the surgeon’s finger during ventricular 
sys ole, and recorded in the operative record as “mobile cusps” (Fig. 3). 
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Fic. 3.—Showing that the early abrupt fall in the direct left atrial pressure tracing starts as the left 
ventricular pressure falls below left atrial pressure. For a short time the atrial pressure falls 
rapidly with the ventricular pressure. In the diagrammatic representation of cusp movement 
the shaded area represents the volume change in the left atrium that would allow such a rapid 
pressure change even in the presence of tight stenosis. 


RESULTS 


The cases have been divided into three groups according to the area of the mitral valve orifice 
(an arbitrary value obtained by multiplying the estimated length and breadth of the orifice; the 
relation to the true area of the orifice is unknown (Owen and Wood, 1955)). Group I comprises 
seventeen cases with a mitral orifice of less than 0-4 cm.? in area (Fig. 4).; Group II, twenty-four 
cases with the area of this orifice varying between 0-4 and 0-95 cm.? (Fig. 5); and Group III, six 
cases with a mitral orifice of 1-25 to 1-50 cm.? in area (Table I). 

From Fig. 4 and 5 it will be seen that the Ry/V ratio tends to be high when small or moderate- 
sized atria are inelastic (a high Ed value). In large atria the increase in volume appears to play the 
dominant part and the Ry/V ratio is low irrespective of the elasticity. When cases with a similar 
orifice size and atrial size are compared, the more inelastic the atrium (i.e. the higher the Ed value) 
the higher is the Ry/V ratio. This explains why the correlation between the actual orifice size at 
operation and the Ry/V ratio is poor in individual cases, when no account is taken of volume and 
elastic properties of the atrium. 





TABLE I 
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| 
Case Valve size | Atrial size Ed value Ry/V 
(sq. cm.) | (diameter) 
RS. | 1-25 | 10cm. _—si| 40 | 07 
A.T. | 1-5 | 11 1620 | 1-25 
K.Q. | 1-3 11 480 0-4 
J.S. 1-5 11-5 } 370 | 1-5 
ELL. 1-5 12 770 1-3 
eB. 1-5 14-5 3000 0:7 





It had been hoped that, when the Ry/V ratio was assessed in the light of the atrial size and ela tic 
properties of the atrium, an accurate prediction of the orifice size would be possible in an indivic 1al 
case. The results in the six cases with only mild stenosis (Table I) when plotted against the res Its 
in Fig. 5 do not support this. This may be due to insufficient accuracy in one or more of he 
measurements used. 

In Fig. 5 there is an Ed value of 3300 which seems too high for an atrial diameter of 11-5 «m. 
and an Ry/V ratio of 1-4. This patient died of a pulmonary embolus whilst awaiting operation and 
at autopsy the upper half of the atrium was found to be filled with antemortem thrombus. This 
would have reduced the area of distensible atrial wall by about half, and if calculations are correcied 
accordingly, the Ed value falls to 1650. 

Two Ed values in Fig. 4 (1050 and 2290) do not conform to the usual pattern of a rising Ry/V 
ratio with rising Ed values. These two cases had several features in common. Both had an arterial 
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Fic. 4.—Seventeen cases of pure mitral stenosis with a mitral orifice area less than 0-4 cm.2. The numerical value 

given are the calculated values for elasticity (Ed values) in each of the seventeen cases, and these are plotte< 
in relation to the Ry/V ratio and atrial size. The lower the numerical value, the more “elastic” the atria 
wall. The Figure shows that in these cases with a comparable orifice size, the Ry/V ratio is influenced by th: 
atrial size and by the elastic properties of the atrial wall. 
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iG. 5.—Twenty-four cases of pure mitral stenosis with a mitral orifice area between 0-4 and 0-95 cm.2. The 
numerical values given are the calculated values for elasticity (Ed values) in each of the twenty-four cases, 
and these are plotted in relation to the Ry/V ratio and atrial size. The lower the numerical value, the more 
“elastic” the atrial wall. The Figure shows that in these cases with a comparable orifice size, the Ry/V 
ratio is influenced by the atrial size and by the elastic properties of the atrial wall. The case marked by an 
asterisk (Ed 3300) is discussed in the text. 


oxygen saturation of 80 per cent with a very low cardiac output—1-5 and 1-7 litres a minute. The 
calculated volume entering the left atrium during the upstroke of the V wave, 9 ml. in each case, was 
the lowest in the whole series. Both had a very high mean left atrial pressure, 32 and 25 mm. Hg, 
and perhaps most important, an extreme pulmonary vascular resistance, 30 and 24 units respectively. 
In neither case was clot palpated by the surgeon in the atrial appendage. 

The Ed values (Fig. 4 and 5) and the incidence of atrial fibrillation both increase with increasing 
atrial size, hence cases of fibrillation tend to have higher Ed values than those with sinus rhythm 
(Fig. 6). When the influence of the atrial size is eliminated by comparing atria of the same size 
(10-5-11-5 cm. in diameter) there is still a tendency for cases with atrial fibrillation to have less 
elastic atria (higher Ed values). No relationship was found between age and elasticity when atria 
of the same size were compared. 

Variation in Elasticity in Mitral Regugitation. In eleven of eighty cases thought to have dominant 
mitral stenosis, some degree of mitral regurgitation had been diagnosed. At operation, five of 
these were found to have dominant mitral regurgitation. In only one was the Ry/V ratio above 
1-7; however, as the Ry/V ratio has been shown to fall with increasing atrial size (Fig. 4 and 5), the 
value of 0-7 in one case with a giant left atrium (19 cm. in diameter) is also suggestive of mitral 
regurgitation. 

When the Ed value was calculated in these eleven cases as if there was no mitral regurgitation, 
values within the mitral stenotic range for the atrial size concerned were found in all but four of them. 
Since three of the patients with values within the stenotic range were known to have dominant mitral 
regurgitation, the true Ed value must have been very much less, implying that large variations in 
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elasticity also occur in mitral regurgitation. The 5R used in these calculations is much sma! er 
than the one that would result from both regurgitant and forward flow. 
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Fic. 6.—Forty-nine cases of mitral stenosis in which the rhythm is denoted by the letters 
S (sinus rhythm) and F (atrial fibrillation). The atrial size in these cases is plotted 
against the calculated elasticity (Ed) value. The relationship between increasing atrial 
size and incidence of atrial fibrillation is clearly seen. There is also a tendency for 
cases with atrial fibrillation to have less elastic (higher Ed value) atria than those in 
sinus rhythm, and this is still apparent when the influence of atrial size is eliminated by 
comparing atria with a diameter of 10-5 to 11-5 cm. 





DISCUSSION 


The difficulties in assessing the severity and type of mitral valvular lesions are well known, and 
additional help has often been sought from the left atrial pressure tracing. When attempts are made 
to interpret such pressure changes in terms of volume changes, variations in the elastic characteristics 
of the left atrium and pulmonary veins are of great importance. Because of the difficulties in measur- 
ing the pulmonary venous volume and the fact that the veins are usually constricted in cases of mitra! 
stenosis (Holling, 1951), only the volume of the left atrium was considered in calculating an expres 
sion for the elastic properties of the system. 

Calculations to estimate the variations in the elastic properties show that as the atrial size in 
creases, the Ed value also rises, (i.e. the wall becomes less elastic. Ifa given volume change were t« 
produce the same pressure change in three atria of 8-5, 14 and 19 cm. diameter, the largest would hav: 
to be twenty-five times and the middle-sized one five times as inelastic as the smallest atrium (wher 


PR2. im : ar = 
Ed= aR taken as a measure of elasticity). Considerable variation in elasticity was also demon 
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strated between atria of the same estimated size with a comparable degree of mitral stenosis, and in 
one group variations were as great as seven to one. Such changes greatly modified the form of the 
indirect left atrial tracing and therefore the Ry/V ratio and size of the V wave. 

In the eleven cases with regurgitation, the Ed value was calculated as if forward flow alone had 
produced the recorded pressure rise. The anticipated high values were found in only four cases, the 
renaining seven having values within the range of the pure stenotic group. Since the error is 
proportional to the ratio of forward to regurgitant flow volumes, this error would have been con- 
sic erable in the three patients proven at operation to have dominant mitral regurgitation and hence 
the walls of these atria must have been very elastic. In such cases the V wave is small, the y descent 
g: idual, and the Ry/V ratio low, because these moderate to large-sized atria distend readily, and a 
cc mparatively small pressure rise accompanies the large volume increase as they fill simultaneously 
fr »m the pulmonary veins and left ventricle. 

A very much higher Ed value than that expected for a particular Ry/V ratio and atrial size should 
a’ use a suspicion of considerable mitral regurgitation. For example, one patient with an atrium 
1. cm. in diameter and an Ry/V ratio of 0-7, had an Ed value (estimated without correction for 
re Zurgitant flow) of 10,000. Another possible source of error in deriving the Ed value is that the 
o .tput, though measured during the same cardiac catheterization, may not be the same as the out- 
p :t when the indirect left atrial tracing was recorded. The presence of thrombus or calcification, 
w ich renders an area of atrial wall comparatively indistensible, has the effect of reducing the atrial 
v lume which should be used in the calculations by an amount equal to the volume enclosed by this 
irelastic segment. This would give an artificially high Ed value. A large thrombus, provided it 
were attached to only a small area of atrial wall, would have no such effect. 

The Ry/V ratio did not exceed 1-7 in seventy-six cases of mitral stenosis, and when high occurred 
ir. small or moderate-sized atria with relatively inelastic walls (high Ed values). A high Ry/V value 
is thus useful in excluding significant stenosis, particularly if the Ed value is low or the atrium very 
large. Care must be taken when measuring the Ry/V ratio to avoid super-added respiratory 
pressure changes and the type of “‘artefact” shown in Fig. 2. 


The use of direct left atrial tracings with a simultaneous accurate dye output would increase the 
reliability of individual observations. 


SUMMARY 


Considerable variations in atrial size and the elastic characteristics of the atrial wall were 
demonstrated in cases with a comparable degree of mitral stenosis. 

Both these factors greatly modify the form of the indirect left atrial tracing. The Ry/V ratio 
is used as a numerical expression of this to compare with the variations in volume and elasticity. 
A simplified method of measuring the Ry/V ratio is suggested. 

Evidence is presented that similar if not greater variations in elasticity are present in cases of 
mitral regurgitation. When an enlarged atrium is easily distensible, the typical high V wave and 
high Ry/V ratio are absent and the tracing is indistinguishable on these criteria from those found in 
mitral stenosis. Four cases with an Ry/V ratio of less than 1-7 were found to have dominant mitral 
regurgitation. 

In no case of mitral stenosis, when errors in measuring the Ry/V ratio were avoided, did the 
Ry/V ratio exceed 1-7. Values tend to be high in small to moderate-sized atria which are compara- 
tively inelastic, while much lower values are the rule in large-sized atria. 

An elevated Ry/V ratio is considered to be good evidence against the presence of significant 
mitral stenosis, and the larger the atrium the stronger is this evidence. 


I am grateful to Dr. Paul Wood for access to his case records and for his advice and encouragement, and to Dr. 
Allan Townsend of Emmanuel College, Cambridge, for the derivation of the mathematical formula used. 
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BY 


ABDO BISTENI, GUSTAVO A. MEDRANO and DEMETRIO SODI-PALLARES 
Fi om the Department of Electrocardiography of the Institute Nacional de Cardiologia de México, Mexico, D.F. 


Received December 2, 1960 


" he importance of ventricular premature beats (VPB) in the clinical diagnosis of myocardial 
infa.ctions has been pointed out by several authors. Dressler (1943) reported a case in which the 
elec'-ocardiographic signs of infarction were present in such beats (deep and slurred Q waves in 
lead III) and absent in the sinus beats. Simonson et al. (1945), Bellet (1953), Scherf and Schott 
(1953), Katz et al. (1958), Silverman and Salomon (1959), and Anttonen et al. (1959) recognized that 
myccardial infarctions can be diagnosed from VPB and, at times, even earlier from these cycles 
thar: from the sinus beats. 

‘he similarity of ventricular activation in VPB and in right bundle-branch block (RBBB) and 
left bundle-branch block (LBBB) has long been accepted. Consequently, VPB with unipolar 
patterns of LBBB are right VPB, and VPB with patterns of RBBB are left VPB. The same 
considerations apply also for supraventricular premature beats (SVPB) with aberrant conduction, 
since the aberration is due to some degree of either RBBB or LBBB (Bisteni ef a/., 1960). Thus, 
right VPB and SVPB with aberration similar to that in LBBB are analysed in the same manner as 
sinus beats with LBBB. In fact, in these three situations the process of ventricular activation 
follows a similar sequence: the right ventricle is activated before the left. This type of reasoning 
applies also for left VPB, RBBB, and SVPB with RBBB: in these three instances the left ventricle 
is activated before the right. 

A better knowledge of the ventricular activation process in normal conditions and in bundle- 
branch block has served for a new approach to the diagnosis and localization of myocardial 
infarctions. Sodi-Pallares et a/. (1957, 1960) have shown that tracings with electrical signs of 
infarction are better understood when analysed in the light of recent studies concerning the ventri- 
cular activation process (Sodi-Pallares et al., 1955; Medrano et al., 1956, 1957, and 1958). It has 
been demonstrated also that septal infarctions may be more easily recognized in the presence of 
bundle-branch blocks (Sodi-Pallares, 1956), in contrast with the view generally held. On the basis of 
these considerations the significance of experimental and clinical VPB in the diagnosis of myocardial 
infarction is studied in this paper. 


MATERIAL AND METHOD 


Experimental. Right and left VPB were produced in 12 dogs, before and after ligation of the 
anterior descending branch of the left coronary artery, according to the technique of Harris (1950). 
| The ectopic beats were produced by tapping directly on the appropriate epicardial surface, or by 
means of a Grass Stimulator Model S4—CR with application of a stimulus of 4 volts for one milli- 
second at many points over either ventricle. 
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In all experiments the usual twelve electrocardiographic leads were recorded and unip \lar 
epicardial leads at various points were also registered in three animals. Recordings were obta .ed 
with a Sanborn Poly-Viso machine model 150 or with a Grass six-channel polygraph model 32, 
using paper speeds of 50 and 60 mm./sec., respectively. The observations were carried out u to 
48 hours after coronary artery ligation. At the end of the experiments, the dogs were sacri’ 2ed 
and the myocardial lesions were studied and carefully localized. 

Clinical. The electrocardiograms of patients from the files of the Instituto Nacional de Cai jj 
logia de México with the diagnosis of myocardial infarction were reviewed. The electroca: |i 
grams of one hundred cases showing premature beats (ventricular and supraventricular) 
studied in detail. Correlation with the findings at necropsy, when this was available, was mac :. 


RESULTS 


Experimental. The unipolar patterns of VPB, produced before ligation of the anterior desc 

ing coronary artery, were similar to the patterns observed in experimental bundle-branch bl. ick. 
Right VPB resembled the morphologies of LBBB, and left VPB those of RBBB. Another im- 
portant generalization from our studies in the normal dog’s heart was that VPB, either righ or 
left, having a QRS complex with a positive area never presented an initial negativity (Q wave) in 
leads that reflected the potential variations of the epicardial surfaces of either ventricle. In other 
words, the VPB never showed a QR type of unipolar pattern (initial negativity followed by a 
positivity), irrespective of their sites of origin in the ventricles. Only after myocardial infarctions 
were produced, did right or left VPB present a QR pattern (QR, QRs, or Qrs complexes) in leads 
that reflected the potential variations of the ventricles. 

Two conditions are necessary for the VPB to have a diagnostic significance of myocardial 
infarction. First, the unipolar form must be of the QR and not of the QS type, since the latter 
can be found at epicardial and precordial points close to, or corresponding to, the site of origin 
of the VPB in the ventricle. Secondly, the QR pattern of VPB must be recorded in leads that 

















Fic. 1.—{A) Leads V4, V5, and V6 recorded simultaneously as a control; (B) and (C) The same 
tracings obtained one hour after occlusion of the anterior descending coronary artery. The third 
beat is a premature right ventricular beat. Note the Q waves in the extrasystolic complexes while 
there is no initial negativity in the sinus complexes. 
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Fic. 2.—Premature right ventricular beats produced mechanically and occurring before 
the P wave. High degree of aberration. 


reflect the potential variations of the ventricles. Therefore, QR patterns recorded in leads aVR 
and aVL have no value, since these leads in the dog are oriented to the right and to the left atrium. 
In fact, QR complexes are usual patterns in the right atrium for left VPB (and RBBB) and in the 
left atrium for right VPB (and LBBB), in the absence of myocardial infarction. 

In Fig. 1 is shown a right VPB (unipolar pattern of LBBB), produced before (A) and one hour 
after (B and C) coronary artery ligation. In the sinus beats no signs of infarction are seen, while 
the VPB is diagnostic of infarction because of its QR form (C). The initial positivity of the VPB 
in (B) is due to the ascending limb of the P wave. This VPB could hardly be considered a “fusion 
beat’? in view of the conspicuous aberration and the duration of the ventricular complex (Bisteni 
et al., 1960). 

The control tracing of another dog, in which right VPB were provoked before (Fig. 2) and at 
the end (Fig. 3) of the P waves is shown in the corresponding figure. Only in the latter were 
“fusion beats” produced. Note that the VPB do not show initial Q waves. Tracings were taken 
48 hours after coronary ligation in this animal (Fig. 4). The ectopic beats are of spontaneous 
origin and are discharged at different times in the cardiac cycle, some before and some after the P 
waves, thus producing varying degrees of “fusion beats” and consequently different degrees of 
aberration. The sinus ventricular complexes do not present signs of myocardial necrosis but only 
signs of injury and ischemia. On the other hand, the VPB now begin with significant Q waves 
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Fic. 3.—Same dog. The ectopic beats were provoked late in diastole, 
at the end of the P wave (“fusion beat’). 


which are deeper and wider as the ectopic stimulus discharges closer to the preceding T wave, and 
therefore shows more aberration. The ectopic beats with much aberration resemble incomplete 
LBBB with Q waves. Patterns similar to these have been described by Sodi-Pallares et al. (1960) 
in human septal infarctions with complete or incomplete LBBB. Necropsy study of this dog 
revealed an infarction of the lower half of the interventricular septum. 

In another dog, right (Fig. 5) and left (Fig. 6) VPB were produced. Column A in each figure 
shows the control precordial leads. Again no QR patterns are recorded. In column B of both 
figures are the electrocardiograms obtained one and a half hours after coronary artery ligation. 
Column C shows the tracings obtained six hours (Fig. 5) and seven hours (Fig. 6) after ligation. 
Comparison of the sinus beats before and after ligation reveals the appearance of a significant 
degree of injury. The VPB also present striking changes. The right VPB (Fig. 5, columns B 
and C) show qRs in V5 and gR in V6, and the left VPB (Fig. 6, column C) show QR complexes 
from V1 to V3. 

A similar behaviour of the VPB is also seen in the direct epicardial leads (Fig. 7) in another 
experiment. Lead II is a simultaneous recording of three epicardial points: point 1, at the free wall 
of the right ventricle; point 2, on the left ventricle near the anterior edge of the interventricular septum; 
and point 3, on the lateral wall of the left ventricle. The right VPB before coronary artery ligat on 
(column A) are of the RS type at points 1 and 2, and of the R type at point 3. One and a lalf 
hours after the ligation (column B), a small q wave appears in the sinus beats at points 2 and 3 with 
a marked positive displacement of the RS-T segment. A right VPB (second beat, column B) 
shows a deep and wide Q wave only at point 2, which was subsequently found to be at the cer tre 
of an infarcted area, while points 1 and 3 were at the periphery. 

Clinical. The clinical studies of the value of the VPB in the diagnosis of myocarc ial 
infarction are in agreement with the experimental findings. Fig. 8 is the electrocardiogram o ‘a 
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Fic. 4.—Same animal as in Fig. 3. Tracing taken 48 hours after the production of coronary occlusion. 
Various degrees of “fusion beats” are seen. The signs of necrosis are present in the premature 
beats. Note that the Q waves are deeper and wider as the ectopic stimulus discharges closer to the 
preceding T wave. 


patient in whom the sinus beats show a marked degree of RBBB with Q waves from V1 to VS, 
corresponding to an infarction of the middle and inferior thirds of the interventricular septum. 
The second beat in all leads is a left VPB with a significant initial negativity and a shape similar to 
RBBB. Both the sinus beats and the VPB have a similar pattern, since in both there is a similar 
asynchronism in ventricular activation, the left ventricle being activated before the right. 

In Fig. 9 a myocardial infarction is recognized from the sinus beats (QS in V2 and Qrs in V3), 
as well as from the VPB (QR in V1 and Qrs in V2). In both of these patients (Fig. 8 and 9) the 
infarction can be diagnosed from both the sinus complexes and the VPB. 

Infarction might be thought to be localized to the posterior and inferior aspects of the heart if 
only the sinus beats were considered in Fig. 10 (deep Q waves in leads II and III). However, the 
VPB seen in leads V1, V4, V5, and V6 begin with slurred Q waves and suggest that the area of 
necrosis extends also to the anterolateral aspect of the heart. Necropsy revealed that the entire 
extent of the infarction was as suggested by the complete study of the electrocardiogram. This case 
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Fic. 5.—Right ventricular premature beats. (A) Con- Fic. 6.—Same animal as Fig. 6. Left ventricular pre- 
trol, (B) one and a half hours, and (C) six hours mature beats. (A) Control, (B) one and a half 
after occlusion. Note in V4, V5, andV6 after the hours, and (C) six hours after occlusion. Note in 
coronary occlusion, the appearance of deeper Q V1, V2, and V3 after the coronary occlusion, the 
waves in the extrasystolic complexes than in the appearance of deeper Q waves in the extrasystole 


sinus beats. complexes than in the sinus beats. 


demonstrates how the VPB may often permit a more precise localization of an infarction than do 
the sinus beats with no asynchronism of ventricular activation. 

Incomplete LBBB is shown in Fig. 11. The QS complexes of sinus origin in leads III, V1, V2, 
and V3 can be ascribed to the block and are not suggestive of myocardial infarction. However, 
the morphology of the VPB in V3 (qrS) strongly suggests infarction of the septum, which was 
subsequently proven at necropsy. In Fig. 12 the sinus beats with normal conduction reveal only 
an antero-lateral ischemia. The VPB in lead III (qR) and in leads V4, V5 (qRs) are diagnostic 
of a septal infarction. At necropsy a healed infarction of the lower half of the septum with extension 
to the apex and free wall of the left ventricle was found. 

The sinus beats of the electrocardiogram presented in Fig. 13 are suggestive of extensive anterior 
ischemia. However, myocardial infarction can be diagnosed from the VPB in V3. The T wave 
of this beat suggests primary ischemic changes. We believe that injury and ischemia can be 
diagnosed from characteristic alterations of the RS-T segment and T wave of VPB. These 
investigations will be the subject of future studies. 


DISCUSSION 


Our experimental and clinical studies support the concept that myocardial infarctions car be 
diagnosed from VPB, even though the normal sinus beats do not allow this diagnosis. The unip»lar 
patterns of VPB that have been found to have diagnostic value are of the QR type (QR, QR: or 
Qrs complexes). The VPB, irrespective of their site of origin showed a QR pattern only after the 
experimental production of myocardial infarction. It should be noted, as mentioned earlier, ‘hat 
the QR pattern of the VPB must be recorded in the leads which reflect the potential variation of 
the epicardial surface of the appropriate ventricle. 

We have already pointed out several times in this study that a similarity exists between the 
sequence of activation of VPB and BBB which determines in turn the similarity in shape of the 
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‘h was Fic. 7.—Lead II recorded simultaneously with Fic. 8.—Electrocardiogram of a patient with right bundle-branch 
epicardial tracings at the free right ventricular block and signs of an infarction of the middle and lower 
il only wall (1) and at the free left ventricular wall (2 thirds of the septum. The infarction is recognized in the 
snostic and 3). (A) Control, (B) after coronary occlu- extrasystolic complexes as well as in the sinus beats. 
ae sion. Note the deep Q wave in the extrasystole 
ension at point 2 in (B), only after the production of 
myocardial infarction. 
nterior 
[ wave complexes derived in both situations. It is reasonable, then, to interpret the QR pattern of a right 
can be VPB as we have previously interpreted the QR pattern in LBBB (Sodi-Pallares, 1956) and also the 
These QR of a left VPB as that of RBBB. It should be emphasized that the QR morphology in a right 
VPB (LBBB) is more commonly seen in the left precordial leads (Fig. 5) and the QR morphology 
ina left VPB (RBBB) in the right precordial leads(Fig.6). In other words, the QR is more commonly 
found in the potentials derived from the ventricle that is the last to be activated, since the 
car be | epicardial potential variations from the ventricle that is activated earlier very often show patterns 
nipolar | of the QS or rS type, (with or without infarction), but not QR complexes. (Note rS morphologies 
QR: or | in VI, V2, V3, col. C, Fig. 5 and QS morphologies in V4, V5, V6, col. C, Fig. 6.) Finally it is 
fter the | Obvious that these observations apply equally to the supraventricular VPB with aberrant conduction. 
er, ‘hat The diagnostic value of ectopic beats may be assessed in the following ways. 
‘ion of 1. The infarction may be diagnosed from the sinus beats as well as from the ectopic beats 
(Fig. 5, 6, 8, and 9). 
een the 2. The infarction may be diagnosed from the sinus beats as well as from the ectopic beats, but 
- of the the latter are of more value in defining localization and extent (Fig. 4 and 10). 
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Fic. 9.—Electrocardiogram of a patient with myocardial infarction. The necrosis is recog- 
nized in the sinus complexes as well as in the premature beats. 


II 





Fic. 10.—Infarction of the inferior and posterior aspects of the heart. The extrasystoles suggest that the 
necrosis also extends to the lower portions of the septum and to the free left ventricular wall. 


3. The infarction may be diagnosed from the ectopic beats and not from the sinus beats (Fig. 1, 
11, and 12). 

The important question to be answered is why an infarction is not revealed by the basic sinus 
rhythm with normal ventricular activation but is revealed by the presence of VPB or SVPB with 
aberrant ventricular response. This question and its answer constitute an excellent example of 
what we have come to call “‘deductive electrocardiography”’, that is, the mental process of uni er- 
standing the patterns reflected in any electrocardiogram as a function of the sequence of ventric: lar 
activation. Let us consider a concrete example relating to this question. 

As an example of forces that are easily recognized during the normal activation process ne 
may choose those that correspond to the activation of the middle third of the left septal mss. 
This activation gives rise to an initial positivity in V1 and V2; and an initial negativity in V5 and /6. 














Fic. 11.—Doubtful signs of posterior myocardial infarction in the sinus beats. The form of the 
extrasystole in V3 strongly suggests an infarction of the septum, which was proved at necropsy. 
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Fic. 12.—Premature ventricular beats in leads V3, V4, and V5 suggesting the diagnosis of a necrotic 
area. A healed infarction of the lower half of the septum was encountered at necropsy. The 
sinus beats do not suggest infarction. 








VENTRICULAR PREMATURE BEATS IN DIAGNOSIS OF CARDIAC INFARCTION 529 





BISTENI, MEDRANO AND SODI-PALLARES 








Fic. 13.—The sinus beats do not indicate the presence of a necrotic area; the ventricular premature 
beat in V3 is very suggestive of a low septal infarction. 


If an infarction involves the middle third of the interventricular septum, these forces will noi be 
produced and the infarction may then be diagnosed by the absence of the forces that are easily 
identified in the normal activation process (Sodi-Pallares, 1960). Since the forces generated by 
the lower third of the left septal mass are not easily identified during normal activation, because 
of the electrical predominance of the forces of the free left ventricular wall, we cannot diagnose 
infarctions in this area in the presence of normal conduction. However, with a right VPB or a 
SVPB with some degree of LBBB or sinus rhythm with LBBB the activation of the lower portion 
of the septum becomes relatively dominant and separated as a result of the asynchronous ventricular 
activation and its vector is then easily recognized in the upstroke of the wide and aberrant QRS 
complex of the left precordial leads. 

As we have described (Sodi-Pallares, 1956), this vector is oriented toward the left, downward 
and slightly backward since it is recognized as a positivity in V5 and V6 (Fig. 14A). When an 
infarction occurs in this region and particularly in the anterior portion of the lower left septal mass, 
this vector is changed and now points more backward and probably upward giving rise to a Q wave 
in V5 and V6 (Fig. 14B). 

It is worth stressing again that this wee of infarction can be recognized only in the presence of 
asynchronous ventricular activation, since it is obscured in the case of normal ventricular activation, 
as discussed earlier. Furthermore, even in the presence of ventricular asynchronism, such an in- 
farction can be diagnosed only if the unipolar patterns are interpreted in the light of the knowledge 
of the ventricular activation process. 

Fig. 4 shows an example in which the duration, depth, and aberrancy of the Q wave increwses 
with the degree of ventricular asynchronism. In V5 of Fig. 4 the first two beats are sinus beats 
with normal ventricular activation and no abnormal Q waves are seen. In the third beat which ‘sa 
““fusion-beat”’ (Bisteni et a/., 1960), there is a slight degree of aberration and a Q wave is inscril ed. 
The fourth beat, also a “‘fusion-beat”, occurs earlier in relation to the P wave which means gre: ter 
dissociation and the Q wave is now wider and deeper. Finally, when the ventricular aberratic 1 is 
greatest, as in the fifth beat (VPB without fusion), the Q wave is seen to be widest and dee) est 
of all. This clearly demonstrates the role of the asynchronous ventricular activation in revea ing 
the infarction. 
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Fic. 14.—Scheme showing the vector of activation of the left 
septal mass in the presence of left bundle-branch block: 
(A) without infarction; (B) with infarction in the anterior 
portion of the lower septal mass. 


The considerations expressed are in agreement with the localization of the infarction in the 
post-mortem studies. In all the animals the infarctions involved the lower half of the anterior 
portions of the interventricular septum with or without extension to the upper anterior portions 
and to the lower posterior regions of the septum. There was extension also to the free left ventri- 
cular wall in all of the dogs. 

In the three clinical cases with necropsy data available, the lower portions of the septum were 
involved, with extension to the free left ventricular wall in one case. If the myocardial infarction 
is localized in the free left ventricular wall without involvement of the interventricular septum, the 
premature beats will not be of aid in the recognition of the necrotic tissue. For example, a right 
VPB will produce an RS complex in the left ventricular cavity which will then be transmitted 
through the electrical window produced by the infarction of the lateral wall and thus will be reflected 
in V5 and V6 solely as an RS complex and no Q wave will be seen. With the same type of infarction 
aleft ventricular premature beat will determine a QS complex and not just an initial Q wave so that 
neither will this tracing be characteristic of an infarction. Similar methods of analysis can be 
applied to the complexes of bundle-branch block. 


SUMMARY 
Experimental and clinical studies on the significance of ventricular premature beats in the 
diagnosis of myocardial infarction are reported. 
The unipolar patterns of VPB, that are diagnostic of myocardial infarction are of the QR type 


(Qr, Qrs, and Qrs complexes). 


The post-mortem studies revealed that the interventricular septum was always involved. 
The conclusion is reached that any ectopic beat with aberrant conduction, irrespective of its site 
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of origin (right or left ventricle, ventricular or supraventricular), is diagnostic of myocardia in- 
farction when the ectopic beat presents a QR type of morphology in leads reflecting the pote tial 
variations of the ventricles. 

A comparison of the diagnostic value of ectopic beats and sinus beats with normal conduc’ on, 
can be summarized according to the three main possibilities, thus: 


1. the infarction may be diagnosed from the sinus beats as well as from the ectopic beats: 

2. the infarction may be diagnosed from the sinus beats and from the ectopic beats, bu’ the 
latter are of greater value in defining its localization and extent; or 

3. the infarction may be diagnosed only by the patterns of the ectopic beats and not by tho > of 
the sinus beats. 


Appreciation is expressed to the Department of Pathology of the Instituto Nacional de Cardiologia de M xico 
for its help in the experimental and clinical post-mortem correlations. 
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n 1952 and subsequently (1959, 1960), Cabrera and his associates advanced the theory that 
the effect of diastolic overload of the left ventricle, such as occurs in mitral or aortic regurgitation, 
wo ild have a different effect on the cardiogram from that produced by systolic overload, as in hyper- 
ten ion and aortic stenosis. They stated that in cases of diastolic overload there was an increase of 
the vectorcardiographic Q loop to the right and anteriorly, and increase in the R loop backwards 
anc to the left, and that the J-point was displaced forward and to the right, while the T loop kept 
a normal orientation with the QRS loop. On the other hand, in cases of systolic overload the Q 
loc.» became small or disappeared. The R loop increased and became displaced posteriorly, the S 
loop disappeared or became straightened, the J-point displacement was greater and the T loop 
moved forwards and towards the right. These changes appear in the electrocardiogram as follows: 
in diastolic overload there is a Q wave, a tall R wave and an upright, peaked symmetrical T wave 
in left ventricular leads; and the Q wave of left ventricular leads is reflected in a primary R wave in 
the right-sided chest leads: in systolic overload the Q wave is absent or small, there is a high R wave, 
S-T depression, and T wave flattened or inverted. 

We have selected a group of patients in whom on clinical grounds we considered that there was 
either pure diastolic overload or pure systolic overload of the left ventricle, and compared the 
cardiographic patterns in these two conditions. 


METHODS 


A drawing apparatus of the type first described by Shillingford and Brigden (1951) was used for 
the construction of the vectorcardiogram from the scalar electrocardiogram. The electrode 
position of the cube system of Grishman et al. (1949) was used. The electrocardiographic records 
were taken with an Elmqvist three-channel machine at a paper speed of 100 millimeters per second. 
The mechanical scanning was made at time intervals of 1/200 of a second for the QRS and 1/50 of 
asec. .J for the T wave. The frontal, horizontal, and sagittal loops were drawn as though viewed 
from the front, top, and left side of the patient. 

Eleven patients were studied, five of whom were judged on clinical and hemodynamic grounds to 
have an increase in left ventricular output without a greatly raised pressure, and six in whom there 
was a high left ventricular pressure without an increase in output. The former included three 
patients with mitral regurgitation, one with aortic regurgitation, and one with mixed mitral and 
aortic regurgitation. The latter included four with severe hypertension, one with acquired aortic 
valvular stenosis, and one with severe coarctation of the aorta. 


RESULTS 


Stroke Volume Overload. Fig. 1 shows the vectorcardiogram and electrocardiogram of a patient 
with diastolic overload. 
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A woman of 56 had rheumatic fever at age of ten. She had chronic heart trouble 14 years ago and at ¢ iat 
time was complaining of dyspnoea. Two years ago chest pain and occasional palpitation were experier ¢ 
on exertion. On examination, the pulse was regular at 75 a minute and the blood pressure was 150 
The jugular venous pressure not raised. The apex beat was in the fifth intercostal space in the ante 
axillary line. There was a loud pansystolic murmur at the apex conducted to the axilla, a third heart sou 
and a short mid-diastolic murmur. An aortic early diastolic murmur was also present. X-ray of 
chest showed moderate enlargement of the left atrium and left ventricle. A diagnosis of mitral regurgita 
and aortic regurgitation was made. 
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Fic. 1.—The vectorcardiogram and electrocardiogram from a patient with chronic rheumatic heart disease, mitral 
and aortic regurgitation being the predominant disorders. 


The QRS loop in the ventorcardiogram showed counter-clockwise rotation on the frontal, horizon‘al 
and sagittal planes with no signs of slurring or notching (Fig. 1). The Q loop was moderately enlarg«d 
The J-point was not much displaced and the angle between the mean axis of QRS loop and T loop was normal 
on three planes. The electrocardiogram showed a small Q wave in leads I, VL, V4, V5, V6, corresponding 
with the initial R wave in V1. The R waves in leads I, VL, V5, V6 were prominent. The RS-T segment 
showed slight depression, but the T waves were upright in the bipolar limb leads and in all chest leads (V1 .0 
V6) and flat in VR, VL, VF. This picture corresponds with the typical pattern of diastolic overload of t 1¢ 
left ventricle as described by Cabrera and Munroy (1952). 


Three other patients with diastolic overload showed patterns similar to those of Fig. 1 except f or 
a figure of eight shape of QRS loop on the frontal plane with counter-clockwise rotation of the ma n 
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portion in one and slight deviation of T loop in a second case. References to these cases will be 
mace later. 

In Fig. 2 are shown the vectorcardiogram and electrocardiogram from a patient with severe 
hypertension in whom the cardiographic patterns resembled those found in diastolic overload. 
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Fic. 2.—The vectorcardiogram and electrocardiogram from a patient with hypertension. 
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‘his man of 59 had been discharged from the army because of hypertension 14 years before he came 
under observation. He was treated in 1959 with bretylium tosylate and thereafter required increasing 
doses. For six years he had had severe headaches and nocturia, and for one year mild dyspnoea on exertion. 
On examination the pulse was 72 and regular and the blood pressure was 260/175. The apex beat was 
heaving and situated in the anterior axillary line. A variable atrial sound was heard at the apex and there 
was a grade 1 ejection systolic murmur. The X-ray of the chest showed gross left ventricular enlargement 
and slight left atrial enlargement. The vectorcardiogram showed a well developed Q loop and a normal 
angle between the mean axes of the QRS and T loops—smaller than 90° on three planes. The electrocardio- 
gram revealed left axis deviation of QRS, a small Q wave in leads I, V5, and V6, with upright T waves. 


Systolic Overload. The vectorcardiogram and electrocardiogram of a patient with left ventri- 
cular systolic overload are shown in Fig. 3. 


A man of 31 was found one year ago to have high blood pressure. He was admitted to Hammersmith 
Hospital for investigation. On examination there was increased arterial pulsation in the neck and arterial 
pulses were felt over the back involving mainly the subscapular and intercostal vessels. A soft delayed 
systolic murmur was heard in the fourth intercostal space at the left sternal edge. A third sound was 
present at the apex. The aortic second sound was loud. The blood pressure in the right arm was 230/130, 
and in the left arm 210/115. The femoral pulse palpable but diminished. The sytolic blood pressure in the 
legs was 150 on both sides. An X-ray of the chest showed no significant increase in the cardiac size, a 
prominent ascending aorta, an abnormal aortic knucle, and rib notching on both sides. The diagnosis of 
severe coarctation of the aorta was confirmed at operation. 

The QRS loop on the vectorcardiogram showed counter-clockwise rotation on the frontal, horizontal and 
sagittal planes without any slurring or notching. The Q-loop was present but not augmented. The J- 
point was not displaced. There was marked deviation of the T loop anteriorly and toward the right with an 
increase of the angle between the mean axes of the QRS and T loops. The electrocardiogram showed 
diminution of the Q wave and negative T wave in leads I, VL, V5, and V6. This picture corresponded with 
the typical pattern of systolic overload of the ventricle described by Cabrera. 


A pattern similar to that in Fig. 2 was found in three other cases of diastolic overload with the 
exception that clockwise rotation on the frontal plane was present in one instance. The vectorcardio- 
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Fic. 4.—The vectorcardiogram and electrocardiogram from a patient with chronic rheumatic heart disease ind 
predominant mitral regurgitation. 
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gram and electrocardiogram from another patient with severe mitral regurgitation in whom the 
patterns resembled those found in systolic overload are shown in Fig. 4. 


A woman aged 31 had acute rheumatic fever at age of eleven. Three years before she came under 
obse vation she had been seen at Hammersmith Hospital with mitral valve disease and regurgitation. 
Two weeks before admission she became excessively tired, and noticed ankle swelling and reduction in 
exercise tolerance. On examination, atrial fibrillation was present with a heart rate of 90 a minute. The 
bloo.: pressure was 130/70, the jugular pressure was raised 2 cm. above the clavicular level. The apex 
beat vas in the sixth space outside the mid-clavicular line. There was a heaving left ventricle. The first 
soun 1 was loud with a Grade 3 pansystolic murmur radiating out into the axilla; a third heart sound and a 
shor mid-diastolic murmur were-also heard at the apex. The X-ray of the heart showed enlargement of the 
left \ :ntricle and great enlargement of the left atrium. The diagnosis of rheumatic heart disease with severe 
mitr | regurgitation was made. 

7 1e vectorcardiogram showed the absence of Q loop, clockwise rotation on the horizontal, and marked 
disp 1cement of the T loop in the direction opposite to that of the QRS loop. In the electrocardiogram these 
char zes corresponded to the absence of Q deflection and negative T waves in leads II, III, VF, and V6. 


" he cardiograms of four cases judged on clinical and hemodynamic grounds to be examples of 
dias olic overload are shown in Fig. 5, also shown in this figure are the records of four patients 
suff ring with pure systolic overload of the left ventricle. The comparison between the electro- 
carc ographic patterns reveals that the patterns of diastolic overload are present not only in cases 
wit! clinical diastolic overload (A, B, C) but also in systolic overload (E). On the contrary, 
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Fic. 5.—Electrocardiograms from patients with diastolic overload (A, B, C, D) and systolic overload (E, F, G, H), 
showing overlapping of groups. 
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diminution or absence of a Q wave and negative T waves in left ventricular leads regarde 
characteristic of systolic overload were found in diastolic overload (D). 


as 


DISCUSSION 


Although the theory of Cabrera that the cardiographic patterns of diastolic and systolic ove oad 
should be different is attractive, and the results of Deglaude and Laurens (1958) tend to co: irm : 
this idea, Selzer et al. (1958) were not able to find any practical differences between the two i: the | 
electrocardiogram. 

Our own results show that there may be considerable overlap between the two groups. We | ave, 
for example, found patients with severe hypertension in whom the cardiographic pattern w puld 
fulfil the criteria claimed by Cabrera as denoting diastolic overload. On the other hand, we ave 
found also inversion of T waves and absence of Q waves in the left ventricular leads in patients vith 
severe valvular regurgitation. Cabrera has stated that in severe cases of diastolic overload — ‘ere F 
may be T wave inversion. In practice, other factors must play a part. Foremost amongst ‘hese 
is the state of the coronary arteries and the resultant coronary arterial flow. Thus, in artic 
regurgitation and stenosis the blood flow through the coronary arteries deviates from the noi nal. 


Moreover, the administration of drugs and disturbance in the electrolyte balance may influence the J 
clinical and cardiographic picture. Mat 
We have not made a statistical survey with a larger number of patients, and it could well be that Hec: 

on average there are essential differences in the cardiogram between the two conditions causing left stud: 
ventricular hypertrophy. However, in our small series we have found enough evidence to cause us shov 
to have doubts about its diagnostic significance. puln 
terns 

SUMMARY ms No s\ 


The vectorcardiogram and electrocardiogram of patients with left ventricular hypertrophy have Ems’ 
been studied. These have been divided into two groups; the first includes those with an increased with 
left ventricular stroke output without a raised pressure (diastolic overload), and the second includes T 
those with increased left ventricular pressure with a normal stroke output (systolic overload). There at th 
appears to be considerable overlap in the cardiographic patterns in the two groups, and it has not | their 
been possible to separate them clearly in clinical practice. The reasons for this are discussed. 


We should like to thank the Consultant Physicians of Hammersmith Hospital for allowing us access to the T 
patients and Miss Powell for her technical assistance. 
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l itracardiac electrograms by cardiac catheterization were first recorded by Lenegre and 
Mau ice (1945). The electrographic patterns in various chambers of the heart were studied by 
Hec: t (1946), Battro and Bidoggia (1947), and Kossmann et al. (1950), and were mainly of value in 
stud: ing the activation of the heart. Their importance during cardiac catheterization was first 
shovn by Emslie-Smith (1955), who also suggested their usefulness in the exact localization of 
pulmonary stenosis (Emslie-Smith et al., 1956). Although various authors have studied the pat- 
terns of the intracardiac electrogram in the great vessels and in the different chambers of the heart, 
no systematic study of the changes occurring at the pulmonary valve has been presented except by 
Emslie-Smith et a/. (1956) and Kossmann et al. (1950), who studied these changes in normal subjects 
without simultaneous pressure tracings. 

This study was therefore undertaken to analyse the variations in the intracardiac electrograms 
at the site of the pulmonary valve and in the outflow tract of the right ventricle, and to determine 
their value in the exact localization of obstruction in the outflow of the right ventricle. 


MATERIALS AND METHODS 


Twenty-seven cases of heart disease of different etiologies were studied. They were (1) acquired heart 
disease (11 cases), (2) pulmonary stenosis (simple or complicated) (4 cases), and (3) other congenital heart 
diseases (12 cases). 

Cardiac catheterization was carried out in the supine position under fluoroscopic control, a standard 
electrode catheter (U.S. Catheter Corporation—size 6 to 8 F, length 100 cm.) being used. The catheter 
was introduced through a medial antecubital vein and was negotiated into the pulmonary trunk. A with- 
drawal tracing across the pulmonary valve was recorded, with simultaneous registration of the pressures 
and of an intracardiac electrogram on a double channel direct-writing machine, at a paper speed of 25 or 
100 mm./sec: The withdrawal was effected slowly under fluoroscopic control so as to be certain that the 
tip of the catheter moved very slowly across the pulmonary valve. In case of a sudden movement of the 
catheter tip the procedure was repeated. Usual precautions were taken to avoid AC interference, e.g. 
switching off other circuits in the room, manipulating lamp plugs, etc., but the catheter tip was not earthed 
in any of our cases. 

As the proximal end of the metal electrode was 2 mm. from the terminal opening, it was postulated that 
in the withdrawal tracings from the pulmonary trunk to the right ventricle, the change in the intracardiac 
electrogram might precede the pressure change. This, however, did not occur. In most cases the descend- 
ing limb of the last pulmonary artery pressure pulse was continued to zero level and this was succeeded by a 
change in both tracings (Fig. 1 and 2). For the purpose of this study, the intracardiac electrograms 
corresponding to the last pulmonary trunk and the first right ventricular pressure pulses were used for 
comparison. The last few beats from the pulmonary trunk tracing and the first few from the right ventricle, 


* Paper presented at the Sixth International Congress on Diseases of the Chest, Vienna, August, 1960. 
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in the vicinity of the pulmonary valve, were also studied with reference to the following points—(a) che ges (B) 
in P waves, (b) alterations in the QRS complexes, both in voltage and pattern, and (c) appearance of en- ( 
tricular extrasystoles and/or arrhythmias, etc. 
ee i ; 
Ma WAN | ik 
50 
\] 
|\o 
Fic. 1.—Inverted P changes into upright P. Sudden in- Fic. 2.—Change in intracardiac electrogra:n 4 
crease of voltage of QRS complex. The descending and pressure tracing due to fluctuation uf 
limb of last P.A. pressure pulse is continued to zero electrode across the pulmonary valve. 
level with simultaneous change in the intracardiac In this and other figures the intracardiiic F 
electrogram. Pressure scale in mm. Hg in all figures. electrogram is above and the pressure curve =. 
below. 
RESULTS 
As the electrode catheter was withdrawn from the pulmonary trunk to the right ventricle, changes 
were noted in the intracardiac electrogram at the site of the pulmonary valve, and these are described 
for the P waves and for the QRS complexes. 
(A) P WAVES 
Pulm. trunk Rt. ventricle 
(1) Inverted became Upright In 8 tracings (Fig. 1 and 3) 
Inverted became Biphasic In 2 tracings (Fig. 4) 
Inverted showed Delayed change In 1 tracing 
(2) Upright remained Upright In 4 tracings (Fig. 5) 
(3) Iso-electric remained Iso-electric In 12 tracings 
Thus changes in P waves are present both before and after the valve is negotiated. 
(2 
ventr 
) Ventr 
» the e1 
(3 
pulm. 








Fic. 3.—Sudden change in the configuration of the P wave. Fic. 4.—Inverted P changes to biphasic P. The e 
is a delayed change in the voltage of QR ». 








> ges 
* en- 


dic 
irve 


langes 
cribed 








INTRACARDIAC ELECTROGRAMS AT THE PULMONARY VALVE 541 


(B) ORS COMPLEXES 
(!) Voltage. (a) Asudden increase in the voltage near the valve was seen in 16 cases (Fig. 1, 2), 
but in 2 there was a further increase of voltage in the right ventricle after a few beats. 
(b) A sudden increase in the voltage of R’ but a gradual one in that of S’ was present in 3 
cases starting from the last two beats in the pulmonary trunk and continuing for about 
seven beats in the right ventricle (Fig. 6). 








Fic. ..—P upright in both right ventricle and pulmonary Fic. 6.—Gradual increase in the voltage of QRS. 
trunk. qR changing to qRS. Relatively sudden increase in the magnitude of R’ 
and a gradual increase of S’. 


(c) A delay in the increase of voltage, at the site of the pulmonary valve, was found in three 
cases, the change in voltage occurring from the 3rd to the 6th beat in the ventricle (Fig. 4). 
(d) In two cases there was no change (Fig. 7). 








Fic. 7.—No significant change in the voltage of QRS. 


(2) Multiple Ventricular Premature Beats. Ventricular premature beats of large deflections or 
ventricular arrhythmias (Fig. 8) occurred in 3 cases as soon as the catheter was withdrawn into the 
ventricle. This is usually due to the catheter suddenly whipping into the cavity and pressing on 
the endocardium of the right ventricle. 

» (3) QRS Patterns. The changes in the QRS pattern depended upon the original pattern in the 
| pulmonary trunk. 

(a) rS pattern in pulmonary trunk. The pattern remained the same in 6 cases with or without 
some increase in the voltage of r and/or S (Fig. 1). The notch on the ascending limb of 
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S, when present, disappeared. In one case two intermediate beats with Q vy aves 
appeared. The pattern changes to rsR’S’ in two and to QRS in one. In onea | ter 
appeared. In only two of these cases was the T wave upright in the right ventricl: the 
pattern being QRS and rsR’S’. 

(b) RSR’S’ pattern or its variants. This pattern in the pulmonary trunk was seen in 5 ases 
and in these various changes occurred. It remained the same in one. In anot. =r it 
changed to RR’S. In two, late R and S increased considerably in voltage and i: one 
of these R” appeared even though the QRS interval did not widen. In one, the sr’s’ 
pattern changed to RSr’s’ with widening of the QRS interval from 0-08 sec. to 0-1 sec, 

(c) gRs or qR pattern. This was present in 4 cases. The S wave appeared or persisi d in 
the right ventricular cavity electrogram (Fig. 5). 

(d) rsr’ pattern. This appeared in 4 cases. r’ appeared as a notch on the ascending imb 
of s wave or became R’. In two it changed to rsR’S’. However, in one this cl inge 
was delayed and occurred from the fourth beat onwards, in the right ventricle. 





Fic. 8.—Development of ventricular tachycardia. Fic. 9.—Typical intracardiac electrogram and 
pressure tracing in a case of pulmonary 
valvular stenosis confirmed by surgery. 
Pressure scale in P.A. and R.V. is initially 
100 mm. and is then changed to 200 mm. 
Hg in the latter half of the tracing. 


DISCUSSION 


A diagnosis by means of pressure tracings of the level of obstruction at the outflow tract of the 
right ventricle, whether it be valvular, infundibular, or combined, has certain fallacies. Connolly 
et al. (1953) pointed out that if infundibular stenosis is mild and valvular stenosis severe, no zone 
of intermediate pressure may be detected, as the drop in pressure from the right ventricle proper 
to the infundibular region depends on the degree of infundibular stenosis relative to that present 
at the valve. Similarly, in an infundibular stenosis with regurgitation at the pulmonary valve, as 
in bacterial endocarditis, the pressure patterns will simulate those of valvular stenosis. Moreover, 
misleading infundibular patterns may appear as a result of the Venturi effect (Sobin et al., 1954). 
In view of these pitfalls reliance cannot be placed on the pressure tracings alone for the site o° the 
obstruction. Hence Emslie-Smith et al. (1956) advocated, as a further aid, the use of an intracar diac 
electrogram across the pulmonary valve. Fig. 9 shows a typical tracing in a case of valvular st :no- 
sis. In view of its importance, it is imperative to know the variations occurring in the intracardiac 
electrogram across the pulmonary valve. 

Changes in P Waves. Although in the majority of cases when the P wave is inverted ir the 
pulmonary trunk, it becomes upright at the site of the valve, this change may also be noted oth 
before or after the valve is negotiated. This is not surprising in view of the fact that the config 1ra- 
tion of the P wave at a particular location will depend upon the relation of the electrode tc the 
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atrium; when it is at the caudal end of the atrium, there will be an upright P wave, when in the 
cephalad location there will be an inverted P. Moroever, P is isoelectric in many cases. Hence P 
wave changes are not reliable criteria for the location of the site of the pulmonary valve. 

Changes in the QRS Complex. (1) Voltage. The change in the voltage of the QRS complex 
is s| pposed to be the most important single criterion for the localization of the site of the 
pulmonary valve. In this series the change in voltage occurred suddenly (Fig. 1, 2) as well as 
grad tally (Fig. 4). It is clear that whenever the change in the voltage across the pulmonary valve 
is gt dual, the site of the pulmonary valve cannot be localized with certainty from an intracardiac 
elec’ ogram. In some cases, the change in voltage did not occur at the pulmonary valve, but 
mar fested itself a little later. If this change in the voltage coincides with the entry of the catheter 
fror the infundibulum to the right ventricle, the infundibular tracing might be mistaken for a 
pulr onary trunk tracing and thus an infundibular stenosis might masquerade as a valvular one. 

. n increase in voltage may be expected when the exploring electrode is near the source of the 
vect r. The QRS complex according to Sodi-Pallares (1956) is composed of three main vectors, 
viz. (1) activation of the interventricular septum and some apical portion of the free walls of the 
righ ventricle; (2) activation of the free walls of both ventricles but mainly those of the left; and 
(3) : tivation of the basal cardiac mass (i.e. basal regions of both ventricles and interventricular 
sept im). 

’ he increased voltage may be due to a greater magnitude of one or all of these vectors. Accord- 
ing 0 Lewis’s concept, the upper part of the interventricular septum on its left surface is the first 
to b activated, the impulse then spreading from above downwards. Hence the first vector should 
be ; redominant near the upper muscular portion of the interventricular septum, which is a little 
belo the level of the pulmonary valve. However, Sodi-Pallares et al. (1947) believe that the 
acti\ ation of the septum spreads from below upwards. The earliest septal vector is directed from 
left .o right and points towards the trabecular zone and apex of the right ventricle and is therefore 
mosi prominent in this zone. The next septal vector is directed upwards and points to the basal 
regions adjacent to the tricuspid and pulmonary valves: this vector presents as a late r at the right 
upper septal surface. Thus the concepts of Lewis and of Sodi-Pallares et al. (1947) regarding the 
activation of the interventricular septum are at variance. 

Similarly, the second vector will be prominent and become more so as the mid-right ventricle 
isentered. The third vector is greatest just at the outflow tract and will disappear as the mid-right 
ventricle is entered. At the same time, as the proximal part of the electrode is at a distance of 2 mm. 
from the opening in the catheter, there is a slight time lag between the pressure and tracing of 
electrical events. Thus, as multiple factors are involved it is not surprising that many variations in 
voltage occur. 

(2) Appearance of Multiple Premature Beats. The entry of the tip of a cardiac catheter into the 
right ventricle, whether from the right atrium or pulmonary trunk, is often heralded by the develop- 
ment of premature beats, due to pressure of the catheter tip on the endocardial surface. Since these 
premature beats are of right ventricular origin their configuration is that of the QS type. Koss- 
mann et al. (1950) observed the appearance of atrial premature beats in one case and ascribed them 
to the pressure of the proximal part of the catheter on the right atrium. This was not seen in any 
of our cases. 

(3) Changes in the Pattern. As the electrode catheter is withdrawn from the pulmonary trunk 
to the right ventricle, various changes in QRS pattern appear. At the outflow tract of the right 
ventricle, the vector due to the activation of the upper part of the septum or crista supraventricularis 
causes R’, while activation of the free wall of the right ventricle below the pulmonary and tricuspid 
valve causes S’. Hence as the electrode moves from the pulmonary trunk to the right ventricle, 
both late R and S may increase in magnitude, if already present. This vector due to the activation 
of the upper part of the septum or crista supraventricularis may appear as a notch on the ascending 
limb of S in the tracing in the pulmonary trunk. It may completely disappear if it is overwhelmed 
by the vectors reflecting the depolarization of the free walls of both the ventricles or it may change 
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to R’. Sometimes R’ is so predominant that it masks the vector due to the activation of the ‘ee 
walls of the left ventricle, thus changing the rSR’S’ pattern to rR’S. However, it is difficul to 
explain the disappearance of a small late r and its reappearance as a late R, after a few beats ir the 
right ventricle during withdrawal from the pulmonary valve to the right ventricle. 

In one case, R” appeared even though the QRS interval was normal. Dickens and Gold erg 
(1958) have described a similar endocardial R” in complete right bundle-branch block. They. ive 
pointed out that this R” or r” corresponds to R’ or r’ of V4R and therefore to the usual endoca: ‘ial 
R’ also observed in other cases. They ascribe the intermediate r’s’ to depolarization of the m' dle 
portion of the septum, which is normally obscured by a predominantly negative field create by 
depolarization of the free ventricular walls. However, R” does not necessarily correspond t« the 
usual endocardial R’. 

The appearance of qRS and gR patterns in the pulmonary trunk and the right ventricle is difi_ ult 
to explain. Whether this q is related to the ‘activation of the lower one-third of the septur or 
whether it is due to activation of the free wall of the left ventricle is not clear. Simultaneous | ads 
may be of help here. In the former instance, a q wave may be due to orientation of the electroc > in 
the pulmonary artery to the cavity of the left ventricle. A q wave in the right ventricle may als” be 
due to the contact of the exploring electrode with the septal surface (Sodi-Pallares and Calder, 1°56). 


SUMMARY AND CONCLUSIONS 


Twenty-seven cases of heart disease of different etiologies were studied to determine the changes 
in the intracardiac electrogram at the pulmonary valve. 

As the electrode catheter was withdrawn from the pulmonary trunk to the right ventricular out- 
flow tract, the following changes were noted. 

Changes in P wave. An inverted P wave in the pulmonary trunk became upright at the site 
of the valve in most cases, but in some this change was noted either before or after the pulmonary 
valve was negotiated. 

Changes in QRS complex. Although sudden increase in the voltage of QRS was seen in most 
cases, in others the change was gradual or delayed, and in some no change occurred. Different 
changes occurred in the pattern, depending on the initial pattern in the pulmonary trunk. In general, 
late R and S waves appeared or increased in magnitude, and in some, R” was noted. In some cases 
the changes were masked by the development of ventricular premature beats and/or arrhythmias. 

The probable mechanism of these changes has been discussed. 

The value of the intracardiac electrogram and its fallacies in the localization of the site of 
obstruction, whether in the pulmonary valve or in the right ventricular outflow tract, have been 
analysed. 

The study of intracardiac electrographic patterns across the pulmonary valve suggests that it 
would serve as a useful aid in the localization of the site of obstruction at the outflow tract of the 
right ventricle, particularly because the infundibular hypertrophy will exaggerate the normal changes. 
However, the variations in these changes and their fallacies must be borne in mind. 
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" he association of significant aortic stenosis with mitral stenosis in rheumatic heart disease is not 
very >ommon. It is, however, important to recognize the presence of the accompanying aortic stenosis 
and o be able to assess its severity, since this lesion also can be relieved surgically. The clinical and 
hen dynamic features of 35 patients, seen at Guy’s Hospital between 1952 and 1959, with this 
com sination of lesions have been studied in order to learn more about the ways in which each lesion 
moc fies the effects of the other: these observations have been applied to the problems of diagnosis 
and issessment of severity. 


MATERIAL AND METHODS 


lhis series includes those patients (32) in whom an estimate of the mitral valve area has been made by 
the surgeon, and in whom aortic stenosis was suspected clinically and confirmed by the demonstration of a 
systolic gradient across the aortic valve, at operation for mitral or combined mitral and aortic valvotomy. 
Seventeen of these had a pre-operative right heart catheterization, together with a left ventricular puncture 
in three and a left atrial puncture in three. Two unoperated patients have had full hemodynamic assess- 
ment by left atrial puncture; one of these died while awaiting operation and one was thought not to require 
surgical relief of either stenosis. In one operated patient, a small aortic valve gradient was demonstrated at 
left atrial puncture but not measured at operation. 

None of the 35 patients had dominant regurgitation at either valve. In 23, an early diastolic murmur 
thought to be due to slight aortic regurgitation was recorded, but in only two was this possibly of hemody- 
namic significance. In 12 of the 33 operated patients, slight mitral regurgitation was detected, but in none 
was this sufficient to contraindicate valvotomy; in the 2 unoperated patients, the clinical features suggested 
dominant mitral stenosis, though both had apical systolic murmurs. Three (Cases 8, 11, and 19) had organic 
tricuspid stenosis. 

The presence or absence of those symptoms commonly occurring in lone mitral or aortic stenosis and the 
degree of disability (criteria of Baker et al., 1952) were noted. The findings on examination were not 
analysed since this was a retrospective study and only a few of the patients were personally examined before 
operation. The cardiogram was inspected for evidence of right or left or bi-ventricular hypertrophy; left 
ventricular hypertrophy (L.V.H.) was regarded as slight when the sum of the amplitudes of the deepest S wave 
ina right ventricular lead and the tallest R in a left ventricular lead was 35 to 45 mm., and moderate when 46 to 
60 mm.; changes in the S-T segment and T wave were of little value since most of the patients were receiving 
digitalis. ‘The cardiac rhythm was also noted. The chest radiograph was examined for dilatation of the first 
part of the aorta and pulmonary venous congestion, and the screening report for observations on the 
presence of left ventricular hypertrophy and mitral or aortic valvar calcification and the aortic appearances. 

Right heart catheterization was performed in the usual way: pulmonary artery and ‘‘ pulmonary capillary 
venous’’ pressures were recorded with the reference zero level at the mid-thorax, and the cardiac index 
(cardiac output/body surface area in sq. m.) obtained using the Fick principle. Left atrial puncture was by 


* Present address: St. Bartholomew’s Hospital, London. This investigation was the subject of a communication 
to the British Cardiac Society in October, 1959. 
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the posterior percutaneous route (Bj6érk et al., 1954; Hancock, 1959a), the left ventricle being catheteriz: | 
introducing fine nylon or polythene tubing through the needle; left ventricular puncture was by the me hod 
of Brock et al. (1956); cardiac output was measured by the Fick principle or by a dye-dilution tech: ique 
using an ear-oximeter (Hancock, 1959); and aortic and mitral valve areas were calculated by the form: a of 
Gorlin and Gorlin (1951), using the empirical constant 44-5 for both valves. 

The following information was obtained from the operation report: the aortic peak systolic gré ient 
(before and after mitral and aortic valvotomy), the presence of post-stenotic dilatation of the ascending : »rta, 
the presence of calcification in the aortic valve cusps, the surgeon’s rough assessment (where given) c ° the 
dimensions of the aortic valve orifice as estimated from the size of the instruments passed through i the 
surgeon’s assessment of the mitral valve area (approximate length and breadth of the orifice) as estimat i by 
the exploring finger, the presence of palpable regurgitation (before and after mitral valvotomy), and the inal 
orifice size. The degree of mitral stenosis was then classified as severe (1-0x0-5 cm. or less), moc rate 
(1:0 to 1-5x0-5 to 1-0 cm.), or mild (>1-5x1-0 cm.)*. When death occurred, information abou. the 
severity of aortic and mitral valve stenosis, valve calcification, post-stenotic dilatation, and left ventr: ular 
hypertrophy was sought from the necropsy report. 

The post-operative course of these patients is being reported elsewhere (Honey, 1961), the same case 
numbers being used in both papers. 


RESULTS 


The age and sex distribution is given in Table I. Thirty of the 35 patients were in the fourth and 
fifth decades and the average age of the whole group was 40 years. Roughly two-thirds (71%) were 
women. A clear history of rheumatic fever or chorea was obtained in about two-thirds (Table I). 


TABLE I 
AGE, SEX, AND RHEUMATIC HISTORY 











Sex Men 10 Women25_.. a Pee | Rheumatic history 
Age 20-29 years 2 <a wa .. 2| Definite .. ‘ fs a 
30-39 years ae = oie ..14 | Probable .. <i 
40-49 years ee oe me ..16 | None -», 0 
50 years+ ae a see 
TABLE II 
SYMPTOMS 
Grade2 .. re | Hemoptysis (all types) ie) ae 
Effort dyspneea < Grade3 .. .. 23 >34 | Systemic arterialembolism .. 6 
Grade 4 .. oe Congestive cardiac failure .. 15 
Orthopnea... ot a Pa ta} 2 | Angina 5 (probable 1) es 
Paroxysmal dyspnea .. at a | Syncope 4 (“near syncope”’ 4) 8 
Bronchitis a a me . 





Symptoms (Table II). Only one of the patients (Case 34) had no limitation of exercise tolerance; 
her presenting symptom was repeated hemoptyses. All but two of the remainder were severely 
disabled. Orthopneea, with or without a history of paroxysmal dyspnoea, occurred in 63 per cent 
and hemoptysis in 60 per cent. Recurrent bronchitis and cardiac oedema or frank conges’ive 
cardiac failure were common and systemic embolism had occurred in one-sixth. Angina ind 
syncope or “‘near-syncope”’ (Baker and Somerville, 1959) were relatively infrequent. 

The Electrocardiogram: Evidence of Left Ventricular Hypertrophy (L.V.H.). 60 per cent of the 
patients had atrial fibrillation and 40 per cent were in sinus rhythm. Two patients had a prolon zed 
P-R interval, and one of these had tricuspid as well as mitral and aortic stenosis (Case 8). “he 


* One valve 2-0 x0-2 cm. was classified as moderate and in one un-operated patient, a calculated valve are 1 of 
1-5 sq. cm. was classified as mild. 
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electrical position was horizontal in 4, intermediate in 5, and vertical or semivertical in the remainder, 
Right ventricular hypertrophy (R.V.H.) was present in 11 and probable in 5 others. L.V.H. was 
slight in 9 and moderate in 3; in one other, left bundle-branch block was present but previous cardio- 
grams Showed moderate L.V.H.; in another, a mean QRS axis of —30° may have denoted L.V.H. 
Thus some degree of L.V.H. was present in 14: it was never more than moderate in severity and 
that only in 4 patients. The presence of R.V.H. may in some cases have masked co-existent L.V.H. 

,\adiographic Features: L.V.H., Post-stenotic Dilatation, Aortic Valve Calcification. L.V.H. was 
repc rted at fluoroscopy in 14: in 11, this was Grade | and cardiographic L.V.H. was present in six of 
thes:; in 3, it was Grade 2 or 3 and in two of these there was cardiographic and necropsy confir- 
mat on, though in the other, the cardiogram did not show L.V.H. and the left ventricle was thought 
to b: normal in size at operation. In 5 further patients, L.V.H. was thought to be probable and in 3 
of tliese this was confirmed on the cardiogram. Thus in 11 patients there was both cardiographic 
and radiological evidence of L.V.H., but in only two was this more than slight by both techniques 
(Cases 5 and 10). 

!’rominence of the ascending aorta on the chest film was seen convincingly in only 4 patients. 
Ina further 11, post-stenotic dilatation was observed by the surgeon at operation. In many of the 
chest films, it was noticed that prominence of the right pulmonary artery and its main branches, and 
in some hilar clouding due to pulmonary venous congestion obscured the right border of the heart 
in tne region of the ascending aorta. This factor may have been partly responsible for failure 
to r:cognize prominence of the first part of the aorta but it is probable that the degree of dilatation 
in these cases was relatively slight. 

Calcification of the aortic valve was observed fluoroscopically in only two patients (Cases 1 and 
2); in 5 others, calcification was noted at operation (subsequently confirmed at necropsy in one of 
these); and in another, calcification was only revealed at necropsy. Thus in only 8 patients out of 
the 35 was recognizable aortic valve calcification present. 


HAMODYNAMIC OBSERVATIONS (TABLES III AND IV) 


Cardiac Index. Of the 21 patients in whom the cardiac output was measured, 16 had low cardiac 
indices of less than 2°51./min./sq. m. and only 5 had normal cardiac indices (more than 2°5 1./min./sq. 
m.), the range being 1-4 to 5-0 and the average 2-3 1./min./sq. m. 

Left Atrial Pressure. Left atrial or “pulmonary capillary venous”’ pressure was measured in 22 
patients and was above the upper limit of normal (12 mm.) in all except 5, ranging from 7 to 33 mm. 
(average 19 mm.). Of the 5 patients with normal pressures, 3 had grossly reduced cardiac indices 
(1-4 to 1-9 1./min./sq. m.) and the other 2 had mild mitral stenosis and normal outputs. 

Aortic Valve Gradient. This was measured at operation in 32 of the patients and in the other 3 
at left atrial puncture only. ‘The peak systolic gradient exceeded 75 mm. in only 4; in 2 others 
gradients of 82 mm. and 100 mm. were obtained at pre-operative left atrial puncture, though at 
operation the gradient was lower. Two-thirds of the whole group had gradients of less than 50 mm. 
and in no fewer than 13 the gradients were less than 25 mm. 

In the 6 patients in whom the aortic valve gradient was measured pre-operatively and at operation, 
the figure obtained at operation was lower in three (Cases 10, 21, and 35), higher in one (Case 3), and 
showed only a small difference in the other two (Cases 2 and 4). 

Pulmonary Artery Pressure and Pulmonary Vascular Resistance. The findings are recorded in 
Table III. Severe pulmonary hypertension was found in 6 patients, in three of whom the calculated 
pulmonary vascular resistance exceeded 10 units. 

The Severity of the Mitral Stenosis. The surgeon’s estimate of the size of the mitral orifice was 
available in 33 patients; in one, the valve was measured at necropsy; and in the other, the valve area 
was calculated from data obtained at left atrial puncture. In 16 patients it was classed as severe, in 
14 as moderate, and in 5 as mild stenosis. In Fig. 1, the cardiac index is correlated with the severity 
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TABLE III 
H4MODYNAMIC OBSERVATIONS AND OPERATION FINDINGS 





| 


c.O. L.A. or L.V. B.A. Aortic | Calc. Calc. P.A. | P.V.R. 

(1./min.) P.C.V. Pressure | Pressure| systolic | A.V.A. | M.V.A.| pressure | units Aortic 
(C. Index) | mean pres- gradient | sq. cm. | sq. cm. |S/D (mean) systolic M.V.A 

sure at rest Peak peak (cm x cnn ) 

(on effort) (mean) gradient " 


Operation finding 
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Mild Mitral Stenosis 
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* Case 24. P.C.V. pressure recorded at previous cardiac catheterization (4 years pre-operatively). 
+ Cases 24, 30. Pressure records overdamped. 
t Case 30. Aortic systolic gradient recorded at post-operative left atrial puncture. 
|| Case 33. Mitral valve area measured at post-mortem examination. 
** Gradient at mitral valvotomy (Cases 12 and 25). 


TABLE IV 
RESUME OF HAMODYNAMIC OBSERVATIONS 





Cardiac Index 


Range 1-4—5-01./min./m.2 Average 2-3 1./min./m.2 
Less than 2-5 in 16: 2°6—5-0 1./min./m.2 in 5 patients. 


“Pulmonary Capillary Venous”’ or Left Atrial Pressure 


Range 7-33 mm. Average 19 mm. 20-29 mm. in 5 patients 
Up to 12 mm. in 5 patients 30 mm. or more in 3 patients 
13-19 mm. in 9 patients 


Aortic Peak Systolic Gradient* 


100 mm. or more in 1 patient 25-49 mm. in 10 patients 
75-99 mm. in 3 patients Less than 25 mm. in 13 patients 
50-74 mm. in 8 patients 





* At operation in 32 patients, at left atrial puncture in the other three. 
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;. 1.—Cardiacindex(l./min./sq.m.) Fic. 2.—Left atrial or “‘ pulmonary . 3.—Aortic peak systolic gradient 
plotted against severity of mitral capillary venous”’ pressure plot- plotted against severity of mitral 
stenosis. Severe stenosis, with ted against severity of mitral stenosis. Peak gradient measured 
valve area 1:0x0-5 cm. or less; stenosis, classified as in Fig. 1. at operation in 32, and at left 
moderate, 1:-0—1:5x0-5—1-0 atrial puncture in the other 3 
cm.; and mild, >1-5x1-0 cm. patients. 


of the mitral stenosis. As would be expected, none of the patients with severe stenosis had a cardiac 
index of 2-5 1./min./sq. m. or more: many of those with moderate stenosis also had low cardiac indices. 
Only one patient with mild stenosis had a low cardiac index and he (Case 5) had significant mitral 
regurgitation and probably also some degree of left ventricular failure. 

Not surprisingly, the patients with moderate and severe stenosis were found to have raised left 
atrial pressures (Fig. 2), except when the cardiac index was very low (Cases 6, 9, and 30). Of those 
3 patients with mild stenosis and raised left atrial pressures, one (Case 35) had a high output (cardiac 
index 4-4 |./min./sq. m.), one had left ventricular failure (Case 10) and the other significant regurgi- 
tation. 

None of the patients with severe mitral stenosis had an aortic valve gradient exceeding 64 mm. 
(Fig. 3); all those with gradients exceeding 70 mm. were found to have mild or moderate mitral 
stenosis. There were, however, many patients with mild or moderate mitral stenosis and lesser 
aortic gradients; in six these were less than 25 mm. but in 2 of the 3 in whom the cardiac index was 
measured, this was low. 

The Aortic Valve. The evidence concerning the severity of the aortic stenosis is unavoidably 
incomplete. Twelve of the 35 patients have had no aortic valvotomy and in these there is no 
Operative assessment of the stenosis, apart from the measurement of the gradient. In one (Case 33) 



































550 





M. HONEY 


who died, the aortic valve at necropsy was very tightly stenosed (0-6 x 0-3 cm.) but not calcified her 
aortic valve peak systolic gradient at left atrial puncture was only 22 mm. (mean gradient 39 r n,), 
cardiac index 1-5 |./min./sq. m., and calculated aortic valve area 0-45 sq.cm. One other (Cas: 29), 
whose aortic valve gradient at mitral valvotomy had been 64 mm., had a left atrial punctur: five 
years later and the calculated aortic valve area then was 0-50 sq. cm. : there was no aortic regurgit ion 
and there can be little doubt that this patient also had severe aortic stenosis. A third (Casc 32), 
with an aortic valve gradient of 17 mm. at mitral valvotomy, had a left atrial puncture eight — »ars 
later, when the aortic gradient was 24 mm., cardiac index 2-2 |./min./sq. m., and calculated < tic 
valve area 0-94 sq. cm.: this patient had only trivial aortic regurgitation and she also must ave 
critical aortic stenosis. 

The other 23 patients have had an aortic valvotomy, performed at the time of the mitral v: vo- 
tomy in all but Cases 12 and 25. In six of these (Cases 1, 2, 3, 4, 20, and 35), gradients excec ing 
80 mm. were found either before or at operation: a gradient of this order would be accepte ' as 
evidence of critical stenosis in a patient with lone aortic stenosis. In two others (Cases 6 and 0), 
severe aortic stenosis was still present at necropsy. The surgeon’s assessment of the severit ’ of 
stenosis at valvotomy depends on the ease with which bougies and dilator can be passed througl: the 
valve orifice: this inevitably gives a rough impression and in many of the cases, the opera'ion 
record does not enable an assessment to be made in retrospect. 

However, where the average diameter of the orifice was reported as 1-25 cm. or less, one can 
reasonably conclude that the stenosis was critical, the valve area being probably less than 1-0 sq. cm. 
(all those with gradients exceeding 80 mm. had smaller orifices than this). By this criterion, at lcast 
5 others (Cases 8, 12, 17, 21, and 25) had critical stenosis. In those seven cases with undoubted 
critical stenosis but lesser aortic gradients, the gradients at operation were 51, 22, 50, 42, 30, 26, and 
58 mm. and the cardiac indices 1-7, 1-9, 2-2, and 1-81./min./sq. m. in those four where the measurement 
was made. Indirect evidence of the severity of the aortic stenosis in other cases will be presented 
later. 


DISCUSSION 


In this series of cases, combined mitral and aortic stenosis resembles mitral stenosis in its pre- 
ponderance of women and the high incidence of a past rheumatic history. Thus Wood (1954) had 
twice as many women as men in his series of 300 cases of mitral valve disease and a past history of 
rheumatism in 68 per cent. On the other hand, Baker and Somerville’s (1959) series of 50 operated 
cases of aortic stenosis without significant mitral valve disease contained only 7 with a rheumatic 
history and men outnumbered women by 3-5 to 1. The age incidence in this series was roughly 
the same as that in mitral stenosis, though the average age (40 years) was slightly higher than that 
of Wood’s (1954) operated patients with mitral stenosis (37 years): there were fewer patients in the 
second and sixth decades than among those with lone aortic stenosis. 

Likewise, the symptoms in these cases were predominantly those of mitral stenosis: angina and 
syncope, which are characteristic of severe lone aortic stenosis, were relatively infrequent. Thus 
angina occurred in 34 of 50 patients with lone aortic stenosis (Baker and Somerville, 1959) but 
in only 6 of the 35 in this series; syncope and “‘near-syncope”’ occurred in 33 of the former, but in 
only 8 of the present series. Recurrent bronchitis, hemoptysis, and systemic embolism, which are 
common in mitral stenosis but rare in lone aortic stenosis, occurred in many of the patients in this 
series. Uricchio et al. (1959) have also reported a low incidence of angina (23°%), vertigo (25°), and 
syncope (16°) in their series of 141 patients with combined mitral and aortic stenosis; on the ot! er 
hand, dyspnoea, fatigue, edema, hemoptysis, and emboli occurred as frequently as in pure mit-al 
stenosis. 

Certain radiological and cardiographic features of combined mitral and aortic stenosis are a so 
strikingly different from those of lone aortic stenosis. L.V.H., evident on both radiograph ad 
cardiogram, is almost invariable in lone aortic stenosis that comes to operation (Baker and Somervii!e, 
1959) but was present in only 11 of this series and in 9 was only slight. Likewise, Uricchio ef 1. 
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(1959) found cardiographic L.V.H., with or without R.V.H., in only 22 per cent of their cases. 
Calcification of the aortic valve was present in all Baker and Somerville’s patients above the age of 
30 years but in only one-fifth of this series. Post-stenotic dilatation was seen in only 4 patients out 
of 25, in contrast with all but 1 of 43 patients with lone aortic valve stenosis (Baker and Somerville, 
195"). 

\ possible explanation for these differences which could be advanced is that combined mitral 
and aortic stenosis is due to rheumatic heart disease, that lone aortic stenosis has a different etiology, 
anc that rheumatism rarely causes severe stenosis of the aortic valve. It is certain that many cases 
of | »ne aortic stenosis in childhood and early adult life have congenital aortic stenosis, in some cases 
pos ibly on the basis of a bicuspid valve (Bacon and Matthews, 1959; Bentivoglio et al., 1960), 
the gh a few are unquestionably rheumatic. The rarity of calcification of the aortic valve in those 
pat -nts with co-existing mitral stenosis might reasonably be attributed to a lesser severity of the 
ste’ osis in the majority of cases and to the different pathological process. It could be that, in 
the matic heart disease, severe mitral stenosis and the symptoms resulting from it develop more 
ray dly than severe aortic stenosis. It evidently takes up to 30 years for calcification to develop in a 
coi zenitally narrowed aortic valve; one might expect that calcification would occur correspondingly 
lat: : in rheumatic aortic stenosis but in this series the ages of the patients with calcified aortic valves 
ran red from 32 to 54 years, the average (43 years) not being significantly different from that of the 
ser :s as a whole. A further possibility is that severe aortic and severe mitral stenosis in the same 
pat ent are not compatible with life and are therefore rarely seen together; though aortic stenosis 
wit : left ventricular failure and mitral stenosis is a lethal combination, there is no doubt that in some 
cas.’s in this series both lesions were of critical severity. 

While these considerations may be relevant, the main cause for the observed clinical differences 
bet veen combined mitral and aortic stenosis and lone aortic stenosis is the difference in cardiac 
output in the two groups. Whereas the patients in this series with severe mitral stenosis accompany- 
ing aortic stenosis all have subnormal cardiac indices, Hancock and Fleming (1960) found that the 
cardiac index in their patients with moderate or severe lone aortic stenosis was within the normal 
range or above it in all except 7 of 41 patients; 5 of the 7 exceptions had frank left ventricular failure. 
Gorlin and Gorlin (1951), in evolving their formula for the calculation of valve area from hemody- 
namic data, made the assumption, based on hydrodynamic principles, that for a given size of orifice, 
the mean gradient across the valve (in systole in the case of the aortic valve) was proportional to the 
square of the flow through it. Thus in order to double the systemic output it is necessary to increase 
the valve gradient fourfold; a patient with a gradient of 25 mm. at an output of 2-5 1./min. would be 
expected to require a gradient of 100 mm. to maintain an output of 5-01./min. The approximate 
validity of Gorlin’s formula when applied to the aortic valve is shown by the remarkably close 
agreement between calculated and observed valve area in the series of Baker and Somerville (1959). 

In Fig. 4, the cardiac index in those cases in the present series when it has been measured is 
plotted against the aortic peak systolic gradient. Unfortunately, simultaneous observations are 
available in only a few cases, but in those patients in whom the gradient was measured both before 
and at operation, the differences were not very great, and Brock (1957) has found a reasonably 
close correlation between pressures recorded before operation and those obtained at operation in 
aortic stenosis. In many of the patients, records were only made using slow paper speeds so that 
mean gradients could not be measured; Hancock and Fleming (1960) found that the mean gradient 
is usually about 80 per cent of the peak gradient, though sometimes actually exceeding it when the 
gradient is relatively small. These considerations do not however significantly affect the conclusions 
to be drawn. 

The curve shows aortic mean systolic gradient plotted against cardiac index in an imaginary case 
of critical aortic stenosis with a valve area of 0-5 sq. cm./sq. m. (assuming a systolic ejection period 
of 25 sec./min.); the values for aortic gradient were calculated using the formula of Gorlin and Gorlin 
(1951). Points above this line can thus be taken to correspond to severe degrees of aortic stenosis. 
From this it can be seen that when the cardiac index is less than 2-5 |./min./sq. m., an aortic systolic 
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Fic. 4.—Aortic peak systolic gradient plotted. against cardiac 
index. Cardiac index in all cases obtained before 
operation. Aortic gradient measured at left atrial or 
ventricular puncture in those cases where this was per- 
formed (Cases 2, 3, 4, 21, 30, 33, 34, and 35) and at 
operation in all the others. Curve represents aortic 
valve area of 0-5 sq. cm. (per sq. m.) and systolic ejection 
period 25 sec./min.; aortic mean systolic gradient cal- 
culated using Gorlin’s formula. 


gradient of 20 to 25 mm. or more probably represents severe stenosis, the exact figure depending on 
the duration of the systolic ejection period (related to heart rate) and the relation of peak to mean 
gradient in the individual case. Those patients with the largest gradients had the highest cardiac 
indices: as has already been observed, these are the patients with only mild or moderate mitral 
stenosis. In addition to the patients already noted to have critical aortic stenosis, it seems likely 
that Cases 5, 7, 9, 11, 12, and 14 also had stenosis of a similar degree. On the other hand, Cases 
18, 24, 30, and 34 probably had only mild or moderate stenosis and Cases 15, 19, and 31 were 
borderline. 

The fact that, in these cases, the aortic gradient measured at operation is insufficient evidence on 
which to make a reliable assessment of the severity of the aortic stenosis is well illustrated by several 
examples from this series. 

Case 10. At pre-operative left atrial puncture, there was an aortic peak systolic gradient of 45 mm.; no 
cardiac output measurement was made, but he was hypotensive and the output probably low. At operation, 
the gradient was initially only 8 mm. when there was profound hypotension and the heart action was very 
feeble: following mitral valvotomy and the intracardiac injection of calcium chloride, the gradient was 
22 mm. (L.V. 103/16; aorta 81/62). At necropsy, three years later, severe aortic stenosis was found. 

Case 21. At pre-operative left atrial puncture, there was an aortic peak systolic gradient of 51 mm.; ‘he 
cardiac output was 3-7 |./min. (index 2-2 1./min./sq. m.) and the calculated aortic valve area 0-45 sq.cm. At 
operation, the gradient was initially 26 mm. and following mitral valvotomy only 15 mm.; the aortic va‘ve 
orifice was severely stenosed and was estimated to be 1-1 cm. in diameter. She also had severe miral 
stenosis with slight regurgitation. 

Case 25. At operation in 1951, the aortic peak systolic gradient was 58 mm. before and only 21 mm. 
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after mitral valvotomy; the mitral stenosis was severe and:the cardiac index at pre-operative right heart 
catheterization 1-8 1./min./sq.m. Aortic valvotomy was not done at that time. Improvement was followed 
by deterioration and she was re-investigated in 1960; at left atrial puncture, the aortic gradient was 67 mm. 
(L.V. 185/10; aorta 118/71), the cardiac index 2-4 |./min./sq. m., and the calculated aortic valve area was 
0-49 sq. cm. At re-operation, the aortic valve gradient before valvotomy was only 32 mm. and the aortic 
orific> was estimated to be 1:25 x 1-0 cm. 


Cise 29. At operation in 1953, the aortic peak systolic gradient was 64 mm. before and 27 mm. after 
mitrs! valvotomy; mitral stenosis was severe. Though severe mitral regurgitation resulted from the oper- 
ation, she did well for three years, only to become totally incapacitated following pregnancy and the onset 
of at ial fibrillation. At left atrial puncture in 1958, the peak systolic gradient was only 16 mm. (mean 
grad -nt 34 mm.) but the cardiac index was extremely low (1-4 |./min./sq. m.) and there was clinical and 
hem »dynamic evidence of right ventricular failure; the calculated aortic valve area was 0-5 sq. cm., indicating 
(in t' ¢ absence of aortic regurgitation) severe stenosis. Re-operation was not advised, in view of severe 
mitr: | regurgitation. 

( ise 35. At pre-operative left atrial puncture, the aortic peak systolic gradient was 100 mm., the cardiac 
outp it being high (7-0 1./min.; index 4-4 1/.min./sq. m.). At operation, the gradient was only 60 mm. and the 
stent sis though critical was not thought to be very severe. The pre-operative calculated mitral valve area 
was *4Sq. cm. and at operation, the mildness of the mitral stenosis was confirmed (orifice 1-75 x 0-75 cm.). 


~ hese cases illustrate the dependence of the aortic valve gradient on the cardiac output. Con- 
ditic as resulting in a low output, namely severe mitral stenosis, severe mitral regurgitation, left 
vent icular or congestive cardiac failure, including the deterioration in cardiac action during opera- 
tion n some seriously ill patients, are commonly associated with low aortic gradients. The gradient 
was sometimes noted at operation to have fallen after the performance of mitral valvotomy, contrary 
to e :pectation; this probably was due to the effects of intracardiac manipulation in a heart with 
unrc \ieved aortic stenosis. 

Uriechio et al. (1959) measured the cardiac output in only 8 patients in their series, in all of whom 
it was subnormal. Two with severe aortic stenosis (and moderate mitral stenosis) had aortic 
gracients of only 17 and 35 mm. Four had an aortic gradient of 90 mm. or more: one had only 
mild mitral stenosis: but the other three all had severe mitral stenosis and exceptionally severe 
aortic stenosis (calculated aortic valve area 0-2 sq. cm. in all), a combination not encountered in the 
present series. 

The effects of severe mitral stenosis on the clinical and hemodynamic features of aortic stenosis 
can now be more clearly understood. The low cardiac output of severe mitral stenosis results in a 
low aortic valve gradient and hence in a relatively modest increase in left ventricular systolic pres- 
sure. The left ventricle is thus protected and not called upon to sustain a normal or high output in 
the face of a high systolic pressure. This explains the rarity of more than slight left ventricular 
hypertrophy and the infrequency of angina; anginal pain may however occur in mitral stenosis in 
the absence of aortic stenosis, sometimes as a result of previous embolism. Calcification of the 
aortic valve probably results from the effects of hemodynamic stresses on a valve deformed by 
disease or congenital maldevelopment: when the gradient is small, these stresses are less and it is 
understandable that calcification should occur less readily. Post-stenotic dilatation of the first part of 
the aorta is attributed to the effects of a high velocity jet on the aortic wall: when the output is low 
and the gradient small, this jet effect is minimized. Syncope on exertion in aortic stenosis is not 
fully understood; ventricular asystole may sometimes be the cause (Leak, 1959). Failure of the 
cardiac output to increase on exertion cannot by itself be responsible as this occurs in uncomplicated 
severe mitral stenosis, in which syncope is unusual. Donald (1959) has shown that the patient with 
severe mitral stenosis and a fixed low cardiac output is able to maintain cerebral blood flow during 
exercise, by a sharp reduction in blood flow to the non-exercising muscles and in splanchnic and 
renal blood flow greatly in excess of the normal response, and by the absence of the cutaneous 
vasodilatation occurring during exercise in normal subjects. Regional blood flows have not been 
studied in lone aortic stenosis but it is possible that these vascular responses to exercise do not occur 
when the resting output is normal: the co-existence of mitral stenosis with low resting output may 
then be responsible for initiating the mechanisms required to maintain cerebral blood flow during 
exercise. This point requires further study. 
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The presence of mild or moderate mitral stenosis with normal cardiac output does not have the 
same effect on the clinical manifestations of aortic stenosis. This correlates with the not infreq: ent 
occurrence of substantial aortic gradients in such patients. Syncope or “near syncope” occu red 
in 6, cardiographic L.V.H. in 10, and aortic valve calcification in 7, out of 19 patients with mil ! or 
moderate mitral stenosis: in the 16 with severe mitral stenosis, syncope or “near syncope”’ occu red 
in 2, cardiographic L.V.H. in 3, and aortic valve calcification in | patient. 

The characteristic physical signs of aortic stenosis may also be inconspicuous in the presenc : of 
severe mitral stenosis. Thus the systolic murmur is rarely as loud as when aortic stenosis is the ole 
lesion and a thrill is less commonly observed; clinical evidence of left ventricular hypertrophy ay 
be absent; and the small volume of the arterial pulse may obscure its slow rate of rise. As a re: ult, 
significant aortic stenosis may indeed be entirely overlooked. Uricchio and Likoff (1957) repo-ted 
three patients in whom, following mitral valvotomy, left ventricular enlargement and the -us- 
cultatory features of aortic valve disease (dominant stenosis) became more obvious; this was «1lso 
observed in Cases 12 and 25 in this series, the only two patients in whom aortic valvotomy was 
undertaken at a later date than mitral valvotomy. 

One conclusion to be drawn from these observations is that an aortic peak systolic gradient at 
operation of 20 to 25 mm. or more may be due to critical aortic stenosis, requiring operative relief: 
Wood (1958) and Uricchio et al. (1959) expressed similar views. When combined mitral and aortic 
stenosis is suspected clinically, even when the evidence for the latter is relatively slight, full pre- 
operative hemodynamic assessment by left heart catheterization should be undertaken, with 
measurement of aortic and mitral gradients, cardiac output, and systolic ejection and diastolic 
filling periods, and with calculation of estimated valve areas. In this way, the need for aortic 
valvotomy can be more accurately judged than by mere observation of the gradient at operation. 

The presence of even severe aortic stenosis may have little effect on the hemodynamic mani- 
festations of severe mitral stenosis. The left ventricle, being protected by the reduced cardiac 
output, rarely fails and the left atrial pressure is usually of the same order as when mitral stenosis 
is present alone. However, when left ventricular failure, with a raised left ventricular diastolic 
pressure, does occur in aortic stenosis, even a mild degree of mitral stenosis with a small mitral 
diastolic gradient may result in a very high left atrial pressure. In this series, Case 33, with severe 
stenosis of both valves, developed intractable pulmonary cedema and died while awaiting operation; 
in her case, the presence of significant mitral regurgitation may have contributed to this outcome. 

The most important effect of aortic stenosis is that the systolic murmur, which is commonly well 
heard at the apex, may lead to the erroneous conclusion that the mitral valve is mainly incompetent. 
The presence of even a soft mitral systolic murmur may obscure the fact that the apical murmur is 
basically an ejection murmur. In this series, at least two patients (Cases 2 and 21) were operated 
on for aortic stenosis with the firm clinical impression that mitral regurgitation was dominant. 

Case 21. This patient had a small volume pulse, clinical evidence of left but not right ventricular 
hypertrophy, an apical systolic murmur, and a quiet relatively short diastolic rumble: there was no opening 
snap and the first sound was only slightly accentuated. At the aortic area, there were systolic and soft 
early diastolic murmurs. At operation, the mitral valve was severely stenosed (0-75 x 0-5 cm.) but the orifice 
was rigid: there was a small regurgitant jet, but stenosis was clearly dominant. Mitral and aortic valvotomies 
were performed. 

Case 25 had a successful mitral volvotomy, severe aortic stenosis being left untouched. When she liter 
deteriorated, the physical signs were interpreted as indicating important mitral regurgitation, in addi ion 
to aortic stenosis. At left atrial puncture, the left atrial pulse form was normal and unaffected by the 
infusion of nor-adrenalin (Braunwald et al., 1958) and the dye-dilution curve following left atrial injec’ ion 
did not suggest mitral regurgitation (Hancock, 1959a). 


The raised left ventricular systolic pressure occurring with aortic stenosis results in an increased 
gradient across the mitral valve in systole. Thus, if the valve mechanism allows even slight re; ur- 
gitation, the magnitude of the regurgitant flow will be increased. This is especially so when the 
mitral stenosis is mild and the aortic gradient large, and is particularly likely to occur after the : uc- 
cessful surgical relief of mitral stenosis; the incidence of serious postoperative mitral regurgita ion 
was unusually high (Honey, 1961). 
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SUMMARY AND CONCLUSIONS 


Certain clinical, radiological, cardiographic, and hemodynamic findings have been studied in 35 
patients with dominant or pure stenosis of both aortic and mitral valves. The cases with the highest 
aor.ic valve gradients usually have only mild or moderate mitral stenosis. When severe mitral 
ster 9sis and severe aortic stenosis co-exist, the aortic gradient is usually only small or moderate, a 
~ cing attributed to the low cardiac output. These observations largely account for the low 
uci lence of angina and syncope, of cardiographic and radiological evidence of left ventricular 
hyp ‘trophy, of post-stenotic dilatation of the aorta, and of calcification of the aortic valve. Clini- 
cal! significant aortic stenosis may be overlooked and the mitral valve lesion may be erroneously 
tho ght to be dominant regurgitation. 

Vhen the aortic peak systolic gradient is 20 to 25 mm. or more, in the presence of severe mitral 
ste: sis, critical aortic stenosis requiring valvotomy may be present. Correct evaluation of a 
gra ient of this order, obtained at mitral valvotomy, is difficult; and accurate assessment requires 
pre perative left heart catheterization, with measurement of valve gradients and cardiac output 
lent anc calculation of valve areas. 
relief: BF 
aortic i ie patients on whom this study is based were under the care of Sir Russell Brock, Dr. M. Campbell, C. G. 

r, and D. C. Deuchar, and Mr. R. H. F. Brain, and I am indebted to them for the opportunity of undertaking 

Il pre- is vestigation. I would also like to thank Miss J. Howard for help with the illustrations and Miss P. Wright for 
, with arial assistance. 
astolic 
aortic REFERENCES 


ation. Baccn, A. P. C., and Matthews, M. B. (1959). Quart. J. Med., 28, 545. 
mani- Baker, C. G., Brock, -. <., Campbell, M., and Wood, P. (1952), Brit. med. J., 1, 1043. 
-ardiac # —- 2m “ So merville, 3. (1959). Guy's Hosp. Rep., 108, 10 
fe : Bent.voglio, L. G., Sagarminaga, J., Uricchio, J., and Goldberg, H. (1960). Brit. Heart J., 22, 321. 
tenosis F Bjérk, V. O., Malmstrom, G., and Uggla, L. G. £1954). Ann. Surg., 138, 718. 
iastolic Braunwald, E., Welch, G. H., and Morrow, A. G. (1958). J. clin. Invest., 37, 35. 
mitral Brock, R. C. (1957). "Brit. med. t me 1019. 
| ——, Milstein, B. B., and Ross, D. N. (1956). Thorax, 11, 163. 
severe B Donald, K. W. (1959). Brit. med. J., 1, 985. 
ration; — Gorlin, R., and Gorlin, S. G. (1951). Amer. Heart J., 41, 1. 
Hancock, E. W. (1959a). Brit. Heart J., 21, 389. 
tcome. FF ___ (1959). Guy's Hosp. Rep., 108, 349. 
aly well — ——., and Fleming, P. R. (1960). Quart. J. Med., 29, 209. 
petent. Honey, M. (1961). Guy’s Hosp. Rep., Awaiting publication. 
Leak, D. (1959). Brit. Heart J., 21, 289. 


rmur is Uricchio, J. F., and Likoff, W. (1957). New Engl. J. Med., 256, 199. 
perated —., Goldberg, H., Sinah, K. P., and Likoff, W. (1959). Amer. J. Cardiology, 4, 479. 


Wood, P. (1954). Brit. med. J., 1, 1051. 


ant. — (1958). Amer. J. Cardiology, 1, 553. 


tricular 
opening 
and soft 
e orifice 
otomies 


she later 
addi ion 
1 by the 
njec’ ion 


creased 
t res ur- 
hen the 
the < uc- 
gita ion 





PULMONARY ATRESIA DEVELOPING AFTER A SHUNT 
OPERATION FOR FALLOT’S TETRALOGY 


BY 


J. FABRICIUS, P. FRITZ HANSEN, AND O. LINDENEG 


From the Medical Department B (Physician-in-chief, Prof. E. Warburg), and the Cardiological Laboratory 
(Head: Dr. A. J. Hansen) Rigshospitalet, Copenhagen, Denmark 


Received March 3, 1961 


Experience has proved that certain forms of congenital malformations of the heart are trans- 
formed into other types after birth. Thus, Gasul et a/. (1957) demonstrated that some infants with 
ventricular septal defects may develop infundibular pulmonary stenosis. In this paper we shall 
show that pulmonary atresia may develop post-natally in patients with the tetralogy of Fallot. On 
the basis of clinical and hemodynamic findings in these patients, the hypothesis is put forward that 
the infundibular pulmonary stenosis may be progressive with the years and that pulmonary atresia 
may arise when the collateral circulation of the lungs is adequate for survival. 

Of 120 patients with Fallot’s tetralogy who were followed over periods from five to ten years 
after Blalock-Taussig operation, 3 developed pulmonary atresia. At cardiac catheterization ten 
years earlier in these three patients, a catheter could be introduced into the pulmonary trunk. 


Later, at open-heart surgery, complete fusion of the pulmonary valves was found in one, and on 
angiocardiography a closure was found to be localized at the infundibulum of the right ventricle 
in the other two. ; 

None of the patients have had symptoms of endocarditis, and their course was uniform, with 
improvement for several years after the anastomotic operation, followed by regression. The systolic 
murmur over the pulmonary artery disappeared in two and diminished considerably in the third. 


CASE REPORTS 


Case I (No. 224). An 18-year-old girl was first seen in this hospital in 1947 at the age of 5. She showed 
constant cyanosis and poor functional capacity with squatting. There was a harsh systolic murmur in the 
third left intercostal space, the second pulmonic sound was louder than the second aortic sound. In 1949 
she was more cyanosed, her hemoglobin was 150 per cent, and the arterial oxygen saturation was found to be 
74 per cent. The electrocardiogram showed right axis deviation of +150 degrees and a prominent P wave 
in lead II. Roentgenogram showed normal configuration of the heart (cardiothoracic ratio 0-55) and the 
central vascular markings of the lungs were diminished. At catheterization the pulmonary artery was 
entered and a pulmonary valvular stenosis was found, with a systolic gradient of 100 mm. Hg and equalized 
pressures in the ventricles. The diagnosis was tetralogy of Fallot. 

The same year, an anastomosis between the subclavian artery and the left pulmonary artery was carried 
out: the latter was fairly large and thin-walled with low pressure. The first three years after operation her 
condition was much improved, and she was able to take long walks and to lead a normal school life. Ther2- 
after she became worse over a period of two years, and at last she had to stay in bed most of the time cn 
account of dyspneea. 

On admission in 1955, the patient was deeply cyanotic. A faint systolic murmur was heard over t!ie 
precordium and a continuous murmur under the left clavicle. Hemoglobin was 160 per cent and the arter: 1l 
oxygen saturation was 77 per cent (see Table I). The cardiogram was unchanged, and the chest roentgen )- 
gram showed an improved supply of blood to the lungs. At catheterization it was not possible to enter t'\e 
pulmonary artery, and the catheter entered the aorta. On angiocardiography with injection of 70 per ce it 
diodone into the right atrium, the entire volume of contrast medium was seen to pass from the right ventric le 
into the aorta. The conus of the right ventricle was filled through an infundibular stenosis, and duri:.g 
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systole the pulmonary valves formed a dome, but no outlet to the pulmonary trunk was seen. Later on, the 
pu'monary artery was filled through the anastomosis. 
At a second operation, the right pulmonary artery was found to be so narrow that a Blalock-Taussig 
operation was not practicable. The pleura were then treated by Barrett’s method. The collateral circulation 
he lungs was strongly developed and the pulmonary valves seemed to be atretic. The operation produced 
-'y transient improvement. In 1960 severe cyanosis was observed, the murmurs had disappeared and the 
ymoglobin was 175 per cent. The cardiogram and roentgenogram were unchanged. 


TABLE I 


FINDINGS OF OUR PATIENTS BEFORE AND AFTER SHUNT-OPERATION AND AFTER PULMONARY ATRESIA HAD 
DEVELOPED 





Hemoglobin | Hematocrit Arterial oxygen Cardiothoracic 
percentage | percentage saturation (per cent) ratio 





Pre- | Before | After | Pre- Before | After | Pre- Before | After | Pre- | Before! After 
opera- |atresia*| atresia | opera- | atresia* | atresia | opera- | atresia* | atresia | opera-|atresia*| atresia 
tive : | tive tive tive 


| 


Sal 





— | 160 os | 74 71 0:55 | 0-60 | 0-52 
123 | 150 79 58 65 0-44 | 0-48 | 0-44 
100 | 156 75 70 71 0-50 | 0-57 | 0-52 
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* After shunt-operation. 


The same year, the patient was operated on with an extracorporeal circulation and hypothermia. The 
infundibulum was found to be extremely narrow and the pulmonary valves were completely fused. The 
Blalock-Taussig anastomosis had closed. The pulmonary valves were divided, the infundibular stenosis 
was resected, and the ventricular septal defect was closed. The patient died 24 hours after operation. 
Necropsy was not performed. 


Case II (No. 389). A 24-year-old woman, on her first admission to this hospital in 1950 she was 14 years 
old. When a year old, she was noticed to be breathless on exertion. Later on she became cyanotic and 
squatting was observed: she could not take part in play and could only run a few steps. On admission 
severe cyanosis was observed, her fingers showed clubbing, there was a systolic thrill in the precordium, 
and a grade III systolic murmur was heard in the third left intercostal space. The hemoglobin was 156 per 
cent, hematocrit 79 per cent, and the arterial oxygen saturation 58 per cent. The cardiogram showed a 
QRS axis of 120 degrees and right ventricular hypertrophy. The rcentgenogram showed a normal pulmonary 
artery and small central lung vessels with normal peripheral vascular markings of the lungs. At catheteri- 
zation an infundibular pulmonary stenosis was found with a pressure gradient of 80 mm. Hg and equalized 
pressures in the ventricles. Furthermore, the catheter passed through a defect in the atrial septum, though 
there was no left-to-right shunt. The diagnosis was Fallot’s tetralogy with an unsealed foramen ovale. 
An anastomosis was completed between the left axillary artery and the pulmonary artery which was found to 
be of normal size. The anastomosis did not seem to function satisfactorily during the operation. 

Six months later, the patient was again admitted. She was much improved, was able to walk about 
out-doors, and did not squat so often. A loud, harsh, systolic murmur was heard in the second left inter- 
costal space, but no continuous murmur was audible. The patient was admitted again in 1955, now 19 
years old. She was only able to move about indoors and was deeply cyanotic. There was a grade II 
systolic murmur, but no continuous murmur. The hemoglobin was 123 per cent and the hematocrit 64 
percent. A right-sided anastomosis was planned, but was not practicable, the pulmonary artery only being 
5 to 6 mm. in diameter. Consequently, the pleura was treated by Barrett’s method. 

After transient improvement her condition gradually deteriorated and in 1960 no murmur was heard 
over the heart. The hemoglobin had risen to 150 per cent without much change in the other findings. At 
catheterization the pulmonary trunk could not be entered: the pressures in the ventricles were identical, and 
both aorta and left atrium were entered. Angiocardiography was performed with injection of 60 ml. 76 
per cent urografin in the right atrium. The contrast medium was seen to pass from the right ventricle into 
an enlarged aorta without filling the conus of the right ventricle. There was no connection between the 
right ventricle and the pulmonary artery, and the Blalock-Taussig anastomosis did not function. Part of 
the contrast medium passed through the atrial septal defect into the left ventricle. 


20 
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Case III (No. 254). A 23-year-old man had first been admitted to this hospital in 1949, when 1 
years old. At the age of 6 months, attacks of cyanosis had appeared, and later he developed dyspnea in 
exertion and squatting. On admission, he could walk 100 metres slowly, was deeply cyanotic, and h d 
Hippocratic fingers. A grade IV systolic murmur was heard in the second left intercostal space. Te 
hemoglobin was 188 per cent, the hematocrit 75 per cent, and the arterial oxygen saturation 70 per ce t. 
The cardiogram showed a QRS axis of 135 degrees and right ventricular hypertrophy. Roentgenogr: n 
showed the heart to be of normal size and shape, with a cardiothoracic ratio of 0-50. The pulmonary arte -y 
was dilated, and the vascular markings of the lungs were normal. At catheterization the pulmonary tru k 
was entered and a pulmonary stenosis was revealed with a gradient of 100 mm. Hg and equalized pressures n 
the ventricles. It was not possible to determine whether the pulmonary stenosis was valvular or infun: i- 
bular. The diagnosis was Fallot’s tetralogy. An anastomosis was completed between the left subclavi n 
artery and the pulmonary artery. Examination six months later showed the condition to be good. Tie 
patient could now walk 2 kilometres, run 100 metres and bicycle, and no longer squatted. A loud systo ic 
murmur was heard in the third left intercostal space and a continuous murmur below the left clavicle. 

In 1954, the condition had deteriorated and there was moderate cyanosis. The systolic murmur h.d 
diminished to grade II, the continuous murmur was unchanged. Hemoglobin was 136 per cent (see Tat le 
1). On angiocardiography with injection of contrast medium in the subclavian vein, the pulmonary trunk 
was filled through a narrow infundibulum, but the greater part of the contrast medium passed from tie 
right ventricle into the aorta. The anastomosis was not visible (Fig. 1). 


Fic. 1.—Patient III. Angiocardiograms, lateral view. Left (1954). Infundibulum of the right ventricle and the 
pulmonary trunk are outlined. Right (1960). No filling of the conus or of the pulmonary artery can be seen. 


The patient was re-admitted six months later because his condition had become even worse. The 
systolic murmur was unchanged, and the continuous murmur was still present. The hemoglobin had ris:n 
to 150 per cent, and the arterial oxygen saturation was 82 per cent. A second angiocardiogram was per- 
formed with injection into the right atrium. Most of the contrast medium passed from the right ventricle 
out into the aorta, the pulmonary artery filled, but it was not possible to see whether it filled from the rig 1t 
ventricle or through the visible anastomosis. The infundibulum was extremely narrow and pronounced 
collateral vessels were seen in the left lung field. 

In 1960, the condition was much worse, and the patient was deeply cyanotic. The systolic murmur wis 
only of grade I intensity and a faint continuous murmur was heard. The hemoglobin was 156 per cert, 
and the arterial oxygen saturation was down to 71 per cent. Rcentgenogram revealed a slightly enlarg d 
heart with prominence of the pulmonary artery. The catheter failed to enter the pulmonary trunk wh. ‘le 
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it easily entered the aorta. Systemic flow: 5700 ml./min. Pulmonary flow: 3810 ml./min. At broncho- 
spirometry the flow in the right lung was determined by Fick’s method as 1650 ml./min. and in the left lung 
as 2160 ml./min. Angiocardiography with injection of urografin in the right atrium showed that the con- 
trist medium passed directly from the right ventricle out into the aorta and that the conus of the right ventricle 
dii not fill. No contrast appeared in the pulmonary artery and the Blalock-Taussig anastomosis was not 
vi ible (Fig. 1). 


DISCUSSION 


In each of our three patients progressive infundibular pulmonary stenosis was demonstrated, 
ac companied by development of pulmonary atresia. In two, the atresia was localized at the infundi- 
bi lum of the right ventricle, but in the third complete fusion of the pulmonary valves was found. 
Ir our opinion, the only explanation of the valvular atresia must be that during the narrowing of the 
in undibulum the pulmonary valves had been fused together by formation of fibrin which was later 
o. transformed into fibrous tissue. 

The same uniform course of disease with improvement after a shunt-operation, followed by 
giadual deterioration without any relation to thrombosis of the established anastomosis has been 
d« scribed by Campbell (1958). In his series comprising 165 shunt-operations for the tetralogy of 
F llot, a similar course was encountered in 12 cases: in two of these an almost atretic infundi- 
b: lum was found at subsequent operation and at necropsy. In patients with Fallot’s tetralogy, 
V ood (1958) and Braudo and Zion (1959) have described periodic closure of the infundibulum, and 
this might be a transitional stage on the way to permanent obstruction. In our patients the systolic 
murmur over the pulmonary artery disappeared or diminished. Similar observations have been 
made by Vogelpoel and Schrire (1960), who maintain that the intensity of the murmur is dependent 
oi the pulmonary blood flow. 

A large pulmonary collateral circulation must be essential for surviving a closure of the infundi- 
bulum and for allowing sufficient time for development of pulmonary valvular atresia. In our three 
patients the peripheral vascular markings of the lungs were little, if at all, reduced at the first exami- 
nation and somewhat increased after the shunt-operation. In Case III the established anastomosis 
was Closed before the atresia developed, but the collateral circulation was probably increased through 
pleural adhesions resulting from the operation. 

Consequently, pulmonary atresia may develop in patients with Fallot’s tetralogy who have a 
large pulmonary collateral circulation. Diminution of the systolic murmur over the pulmonary 
artery in connection with deterioration of the clinical condition suggests that pulmonary atresia 
has developed. Pulmonary atresia should be born in mind, particularly as a complication in patients 
who have had a shunt operation, but also in non-operated subjects, where such a development is 
possible, since the collateral circulation may be sufficient, as is the case in pseudo-truncus. 

Whether the pathogenesis outlined above also may explain pulmonary atresia in patients with 
intact ventricular septum depends on the presence of an infundibular pulmonary stenosis in these 
cases. It is, however, difficult to decide on this problem, the right ventricle being heavily hyper- 
trophied with an extremely narrow lumen (Allanby et a/., 1950, and Edwards, 1960). 


SUMMARY 


Three patients with Fallot’s tetralogy are described, in whom pulmonary atresia developed from 
5 to 10 years after an anastomotic operation. Before operation, the pulmonary trunk had been 
catheterized in all three. Later, during open-heart surgery, a valvular atresia was found in the 
first and an infundibular obstruction was demonstrated at angiocardiography in the other two. 
The murmur disappeared in two of the patients and diminished in the third. In our opinion the 
infundibular stenosis will eventually be able to close the outlet of the right ventricle and thereby give 
rise to atresia of the pulmonary valves. Survival after such a closure is only possible when there is an 
adequate collateral pulmonary circulation. 
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A recent paper (Lloyd-Thomas, 1960) described the exercise electrocardiogram in healthy sub- 
jects, when experience was gained with certain changes that were natural in a tracing recorded in 
su’h cases following moderately strenuous exercise. The absence of certain other changes suggested 
th:.t they might be identifiable with the effect of coronary arterial disease on the myocardium; and 
it vas the purpose of the present investigation to test their usefulness in the diagnosis of cardiac pain 
wien the clinical course and the changes in serial cardiograms at rest were known. 

Nature of the Investigation. 187 patients, aged 30-79 years, with classical cardiac pain were 
admitted to the investigation. All had shown during their period of observation at least one 
electrocardiographic tracing at rest that could not be regarded as normal. In many instances the 
abnormalities in the most pathological tracing were very obvious, while in others they were of the 
kind described as lesser signs in the papers of Evans and McRae (1952), Evans and Pillay (1957), or 
the $2S3 pattern (Davies and Evans, 1960). 

When an analysis was made of the most abnormal of the serial tracings in each case, it was found 
that 45 showed abnormal Q waves (associated with simultaneous significant inversion of the T wave 
in 28), 48 had significant T wave inversion, and 94 showed only lesser signs or the S2S3 pattern. Of 
the 94 cases in the last division, 4 were included solely because of changes affecting lead IITR, namely 
the development of S-T depression ‘or the development of a Q wave broader than 0-04 sec. or deeper 
than 3 mm., such findings being absent from lead III. The remaining 90 cases displayed abnor- 
malities affecting the S-T segments or the T-U segments, inversion of U waves, or T waves that were 
of low voltage or blunted or bifid or with a terminable dip, or abnormal notching of the qRS complex 
of lead CR7. 

All of the cases with abnormal Q waves and all those with abnormal inversion of the T wave 
showed lesser signs or the $2S3 pattern either in different leads or in tracings recorded at another 
time. 

The presence of coronary arterial disease with naked-eye infarction of muscle was confirmed at 
necropsy in four cases. In two, the most abnormal resting records available had shown lesser 
signs and in two the tracings had shown abnormal inversion of the T wave, associated in one with 
abnormal Q waves. 

The presence in the tracings at rest immediately before exercise of lesser signs (117 cases), S2S3 
pattern (5 cases), abnormal T wave inversion (17 cases), or abnormal Q waves (23 cases) did not 
exclude any case from the series, but in view of the known hazard of exercise in patients with ischemic 
heart disease, great care was used in selecting from a series of over 1000 cases the 187 patients who 
were asked to carry out the test. In no case had there been any symptomatic deterioration over the 
course of several months, and the coronary arterial disease on this premise was judged to be stationary. 
All the patients investigated had returned to work, nearly always to their usual occupations, 
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several months or years before the test, and no case was accepted for this investigation if it 
was considered that the amount of effort involved in the test exceeded that readily tolerated by 1 1¢ 
patient in his usual everyday activities. 

Observations extending over the course of nine years were available in 13 patients, over eig ht 
years in 4, over seven years in 18, over six years in 15, over five years in 20, over four years in 1, 
over three years in 18, over two years in 20, over 12-24 months in 21, and over 3-12 months in 47 
patients. 

All the records were taken with the patient in the semi-recumbent posture. Normal standar: i- 
zation was used throughout and the records taken with a three-channel Elmqvist electrocardiogray h. 
The leads used were the three standard limb leads, lead IIIR (lead III recorded on inspiration), a id 
the chest leads CR1, CR4, and CR7. CR leads were preferred to V leads because they depict:d 
more clearly the lesser signs of coronary arterial disease. Tracings were taken before exercise a id 
at intervals of two, four, and ten minutes after completion of the exercise. In each instance the saine 
seven leads were recorded. Both the rate of exercise and the total amount of effort used in tliis 
investigation were similar to that used in the group of normal subjects previously reported. 


CARDIOGRAPHIC PATTERNS FOLLOWING EXERCISE 


Following the results of a detailed analysis of the effects of exercise in healthy subjects (Lloyd- 
Thomas, 1961), the tracings from the present group were analysed for deviations of the point J, 
alterations in the form of the S-T segments to show a plane or sagging contour, the development 
of inversion or flattening of a previously upright T wave, inversion of a previously flat or upright U 
wave, and a considerable reduction of the voltage of the R wave in lead CR4. Attention was also 
paid to the incidence of tall T waves, elevation of the S-T segment, and to the onset of intraventri- 
cular conduction defects, ectopic beats, or other arrhythmias. Because lead III had previously been 
found to be unreliable in the exercise test, alterations in the S-T segment and in the T wave confined 
to this lead were ignored. The incidence of these patterns in the tracings recorded after exercise is 
summarized in Table I. 


TABLE I 
THE INCIDENCE OF CERTAIN PATTERNS AFTER EXERCISE IN 187 PATIENTS WITH CLASSICAL CARDIAC PAIN 





Pattern hs Associated changes* 
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. Plane or sagging S-T seement 

T wave becomes flat or inverted 

. Inverted T becomes upright (lead Il excluded) 
. Tall T waves develop 

. T-U segment becomes depressed below the P-R segment 
. U wave becomes inverted . 

. Marked decrease of R wave in lead CR4 . 

. Elevation of S-T segment at 

. Ectopic beats . 

. Ventricular fibrillation ie 

. Intraventricular conduction delay .. 

. None of patterns 1 to 12 
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* S-T=plane or sagging S-T segment. J=depression of J by 1 mm. or more below the P-Q segment. 


Depression of the J to 1 mm. or more below the P-Q segment developed in 126 cases. The ST 
segment showed a plane (i.e. a segment that is flat for 0-1 sec. or longer) or sagging deform ty 
(i.e. a segment in which there is a decline from J at some interval during its course) in 155 cases. T1¢ 
T wave became flat or inverted in 14, an inverted T wave became upright (lead III excluded) in 6, 
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anc tall T waves developed in 4 cases. The T-U segment became depressed below the P—Q segment 
in ° and the U wave became inverted in 4 cases. The voltage of the R wave in lead CR4 decreased 
to below 60 per cent of its resting voltage in 8 cases. Elevation of the S-T segment exceeding 1 mm. 
developed in 6 cases. Ectopic beats were recorded in 21 cases. The addition of bundle-branch 
blcck was not observed in any case. One patient developed transient ventricular fibrillation (Fig. 
16:. None of the above patterns were observed in 19 cases. 


The S-T Segment After Exercise 

In our recent series of normal subjects, none of whom showed an R wave in excess of 20 mm., 
de} ression of the J by 1-0 mm. or more below the P—Q segment after exercise was not seen. In the 
present series of 187 patients with cardiac pain, the J became depressed by 1-0 mm. or more below the 
P- ) segment in 126 cases. The maximum depression amounted to 4 mm. in 6 patients, 3 mm. in 
10, 2 mm. in 46, 1 mm. in 64, and less than 1 mm. in 61 patients. Depression of the J amounting 
to | mm. or more thus occurred in 126 (67%) and to less than 1 mm. in 61 cases (33%). There 
we ‘e 88 patients in whom a total of 160 leads abnormal at rest failed to show a 1 mm. depression of 
the J. 

Depression of the J when it occurred was always maximal in the record taken at two minutes 
fol owing cessation of exercise, and in no patient did such depression show an increase in the later 
records. 
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Fic. 1.—The maximum abnormalities of the S-T seg- Fic. 2.—The cardiogram before exercise (1) shows 
ments occur in the tracings at two minutes after abnormalities in the S-T segments and in the T 
exercise. This timing is less common; plane or waves. In the record taken two minutes after 
sagging contour of the S-T segment is usually more exercise (2) these abnormalities are less marked than 
marked in the four-minute tracing. Plane S-T before exercise, but they are accentuated in the 
segments in leads I and II with sagging S-T tracings at four minutes (3). 
segments in CR1 and CR4 are obvious. 








In all figures, the numbers above the electrocardiograms have the following significance. 
1=at rest immediately before exercise. 
2=two minutes after completion of exercise. 
3=four minutes after completion of exercise. 
4=ten minutes after completion of exercise. 
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Plane or sagging deformity of the S-T segment was not observed in leads I, II, CR1, CR4 or 
CR7 recorded after exercise in normal subjects (Lloyd-Thomas, 1960). In that deformities of he 
S-T segment were observed in lead III in 15 normal subjects after effort, it was decided to disreg ird 
these findings in the present study if they occurred in this lead alone. In the present series of 87 
patients with classical cardiac pain, the S-T segments showed a plane or sagging deformity a ter 
exercise in 155 cases (83°), this figure including those in whom an abnormal S-T segment at iest 
was made more obviously abnormal by exercise. The segment showed a plane deformity only in 
44 patients, a sagging deformity only in 55, while in the remaining 56 the S-T showed deformity of 
the one kind in one or more leads and of the other kind either in other leads or at other interv.:ls. 
The post-exercise tracings of 32 patients did not show such alterations in the S-T segments. 7 he 
maximal plane or sagging deformity of the S-T segment was observed at two minutes in 32 (Fig. 1), 
at four minutes in 141 (Fig. 2), and at ten minutes after completion of exercise in 2 patients (1 ig. 
3 and 4). 
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Fic. 3.—1—4 as usual. Depression of the J in excess of Fic. 4.—1-4 as usual. In the tracing recorded ten 
one millimetre below the P-Q (or P-R) segment is minutes after exercise the S-T segment is plane in 
present in the record at two minutes. Sagging lead land sagging in lead CR7: these changes were 
depression of the S-T segment in lead CR7 occurs not present in the two tracings recorded earlier 
only in the tracing recorded ten minutes after the 
exercise had been completed. 


It is convenient to group together plane and sagging deformities and describe them as ischemic 
S-T segments, and to refer to depression of the J of 1 mm. or more below the P-Q segment as siy:ni- 
ficant junctional depression. 

The development of ischemic S-T segments was associated with significant junctional depress on 
in 117 patients. There were 38 in whom ischemic S—T segments were not associated with signific int 
junctional depression and there were 9 in whom such junctional depression was not accompar ied 
by ischemic S-T segments. Among the 187 patients there were 119 in whom a total of 264 leads 
normal at rest showed ischemic S-T segments after exercise. The development of ischemic ‘-T 
segments need not necessarily occur in the lead that is the most abnormal at rest (Fig. 5). 

Thus, in the series of 187 patients, ischemic S-T segments or significant junctic nal 
depression were observed after exercise in 164 (88%), ischemic S-T segments in 155 (83 4), 
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Fic. 5.—The cardiogram at rest shows Fic. 6.—Cardiograms from a young healthy subject. No 
residual Q wave evidence of anterior abnormality develops after exercise in the records before 
cardiac infarction that had occurred the subject was given digitalis (Al and A2). The effect of 
twelve months before the exercise digoxin on the cardiogram at rest is seen in Bl. After 
test. Sagging depression of the S-T exercise, B2 shows changes in the S-T segments: they are 
segments occurs in leads II and III identical with those that occur in undigitalized patient 
after exercise and not in the leads with cardiac pain. 

(I and CR4) that are the most 
abnormal at rest. 


significant depression of the J in 126 (67°%), ischemic S-T segments without significant junctional 
depression in 38 (20%), and significant junctional depression without ischemic S-T segments 
in 9 (5°). There were 12 patients in whom the junctional depression amounted to 3 mm. and in 
11 of these the S-T segment showed ischemic changes. All six with a 4 mm. depression of J showed 
ischemic S-T segments. 

Most often three or four leads showed either ischemic S-T segments or significant junctional 
depression, but the number varied widely. In 5 patients, six leads were affected, in 26 five 
leads, in 44 four leads, in 49 three leads, in 29 two leads and in 11 only one lead showed the 
abnormality. 

When the post-exercise tracings showed either or both of these changes, lead CR4 or lead CR7 
was involved in all but four. Rarely the limb leads alone may show the changes. The changes in 
the S-T segment were maximal in lead I in nine patients, in lead II in eight, and in either lead CR4, 
or CR7 in the remainder. 

Great care must be taken to ensure that, at the time of testing, the patient is not on digitalis, as 
one effect of this drug may be to cause abnormalities in the S-T segments after effort (Fig. 6), even 
through the tracings at rest show none of the changes expected with this drug or only slight changes 
as in the example shown. 

Elevation of the S-T segment of 1 mm. or more occurred as a temporary phenomenon in 6 of 
the 187 patients, affecting lead III in three, leads II and III in one, and leads I and CR4 in two 
patients. In each there was ischemic depression of the S-T segment in other leads (Fig. 7). 
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Fic. 7.—The cardiogram at rest shows a low Fic. 8.—In the cardiogram at rest (1) there 


voltage T wave in lead I and an abnormal 
T wave in lead CR4 (this is obvious if the 
T wave in lead CR4 is compared with the 
simultaneously recorded T wave in Jead 
CR1). An upright U wave follows the 
abnormal T wave in lead CR4. Great 
elevation of the S-T segment occurs after 
exercise particularly in lead CR4 (with 


are small Q waves in leads II, III, and 
CR7 and there is slight slurring of the 
QRS complexes in I and CR4.- After 
exercise (2 and 3) there is abnormal 
depression of the J in leads II and CR7. 
In CR4 the T wave becomes as tall as the 
R wave and this is associated with in- 
version of the U wave in this lead. 


inversion of the U wave) and the T wave 
becomes very tall. At four minutes, 
sagging contour of the S—-T segments 
appears in leads II and III by which time 
the pathological elevation of the S-T 
segments in other leads has disappeared. 
Deep S waves develop in leads II and III 
and these disappear in the four-minute 
tracing producing a transient $2 S3 
pattern. 


T Wave Changes 

In a previous study on healthy subjects, flattening or inversion of an upright T wave was not 
observed, but changes in the voltage of the wave were common, with the voltage after exercise being 
reduced to 33-50 per cent of the voltage at rest (Lloyd-Thomas, 1961). Among the 187 patients of 
this series, flattening or inversion of the T wave in lead I, CR4, or CR7 occurred in nine instances. 
In each case the S-T segment after exercise developed an ischemic configuration and the test would 
have been regarded as abnormal on account of the S-T changes (Fig. 9). 

Tall T waves developed after exercise in 5 cases, affecting lead CR4 in each instance: 
each showed either simultaneous development of ischemic S-T segments or significant junc- 
tional depression in leads II and III (Fig. 8). Pathological inversion of the T wave was present in 
the tracing taken immediately before exercise in 26 cases. The effect of effort was to correct the 
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Fic. 9.—The cardiogram before exercise Fic. 10.—1, 2, and 4.as usual. The cardiogram at 
shows slight depression of the T—U rest (1) shows abnormalities due to antero- 
segment below the U-P segment in lateral cardiac infarction with a biphasic T wave 
lead II. After exercise the S-T seg- in CR4 and an inverted T wave in lead I in 
ments develop a sagging contour in addition to the pathological Q waves. After 
all leads, the T waves show decreased exercise (2 and 4) the T waves become upright 
voltage particularly in lead I, CR1, in these leads but the S-T segments fail to show 
CR4, and CR7 and the U waves an abnormal contour until the ten-minute 
become more prominent. tracing (4) at which time the segments have a 

sagging contour in leads II, III, and CR7. 





inversion in 14 cases, accompanied. by abnormal changes in the S-T segments in 13 of them (Fig. 10 
and 11), affecting the lead with the inverted wave in some and different leads in others. An abnor- 
mally low voltage of the T wave sometimes became normal after exercise, without simultaneous 
abnormality of the S-T segment (Fig. 2) or with accompanying abnormality of the S-T segment 
(Fig. 12). 

Inversion of the U wave after exercise was observed in 5 of 187 cases. In each of these there were 
abnormalities in the S-T segment also (Fig. 7 and 13). 

Depression of the T-U segment after exercise developed in 8 of the 187 cases. In five it was 
accompanied by abnormal changes in the S-T segment, but in three it was the only abnormal 
finding. On account of the tachycardia, the level of the T-U segment has to be related to that of the 
P-Q segment (Fig. 14). 

Dwarfing of the R wave in lead CR4 so that the voltage of the wave after exercise was less than 
60 per cent of the voltage at rest occurred in 9 of the 187 cases. In eight of these, there was an 
associated ischemic deformity of the S-T segment. In the ninth there was no abnormality of the 
S-T segments after exercise (Fig. 15). At a later date, however, this patient sustained cardiac 
infarction and the QRS complex in lead CR4 then closely resembled the complex in the same lead 
in the post-exercise tracing (Fig. 15A). None of the 67 healthy subjects previously tested showed such 
a reduction of the R wave (Lloyd-Thomas, 1960). 

The Occurrence of Ectopic Beats, other Arrhythmias, or Conduction Defects. Ectopic beats of 
ventricular origin occurred in 7 of 67 healthy subjects (Lloyd-Thomas, 1961) after exercise. Of the 
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Fic. 11.—The inversion of the T wave in Fic. 12.—Pathological changes in the S-T segments 
lead CR4 at rest (1) virtually dis- in leads I and CR7 and of the T waves in 
appears after exercise (3) without leads I, CR4 and CR7 are present. The T 
the development of ischemic de- wave in lead CR4 shows normal voltage after 
pression of the S-T segment in the exercice but there is pathological depression 
same lead. The S-T segments in of the S-T segment simultaneously, and this is 
leads I, II, III, and CR7 become more abnormal at four minutes (3) than it is 
more abnormal after exercise and at two minutes (2). Depression of the J is 
show a sagging depression. greater at two minutes. 


present series, 21 cases showed ventricular ectopic beats and in 20 of these there were abnormalities 
of the S-T segment in the post-exercise tracings. 

Apart from one patient who developed transient ventricular fibrillation (Fig. 16) from which he 
recovered spontaneously without ill-effect, no other arrhythmias occurred. None of the patients 
developed bundle-branch block after exercise. 

Elevation of the P-R segment. Experimental studies have shown that damage of the atria! 
muscle may cause deviation of the P-R segment (Abramson, 1938). None of the patients now re- 


ported showed elevation of the P-R segment in the presence of an upright P wave nor depression of 


the segment in the presence of an inverted P wave, although one patient suffered transient atria! 
fibrillation and a prolonged attack of cardiac pain within three months of the exercise test. 

The Incidence of Pain during the Exercise Test. Pain at the time of testing occurred in 139 of the 
187 patients (75°%). The cardiogram after exercise was considered to be abnormal in 95 per cent o! 
those who developed pain at the time of the test, and in 72 per cent of those free of pain at the time o! 
testing. Gross changes in the tracings may be unaccompanied by any sign of pain (Fig. 18) 
When the tracing after exercise showed ischemic S-T segments or significant junctional depressior 
in one lead only, pain occurred in 6 of 13 cases (46°%) but when five leads were affected pain occurrec 
in 25 of 29 cases or 86 per cent. 

Absence of Abnormal Response to Exercise in the Presence of Coronary Arterial Disease. In the 
present series of 187 patients with classical cardiac pain, 20 did not show an ischemic deformity of 
the S-T segment, significant junctional depression, or depression of the T-U segment after exercise 
(Fig. 17). One showed dwarfing of the R wave inlead CR4. Pain on effort was a symptom common 
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Fic. 13.—Inversion of the U wave in lead Fic. 14.—The cardiogram at rest shows ab- 
CR4 is the most obvious change in the normal S-T segments and abnormal T 
tracing two minutes after exercise (2). waves in the limb leads and in lead CR7 
The S-T segments in leads I, CR4, and (1). Two minutes after exercise (2) the 
CR7 develop an abnormal contour when S-T segments in these leads develop a 
four minutes have elapsed (3), the inver- saggingcontour. Depression‘of the T-U 
sion of the U wave in lead CR4 having portion of the tracing (indicated by the 
become less. arrows) below the level of the P-R seg- 


ment occurs in lead CR4 with a normal 
S-T segment in this lead. 


to all these patients and a prolonged attack of pain had occurred in 17 of them. Six developed pain 
at the time of testing. All had shown an abnormal cardiogram at rest at some point during their 
period of observation. In ten there had been either abnormal Q waves or abnormal inversion of the 
T wave (Fig. 19) or both these changes (Fig. 20). The changes in the other 10 patients were of the 
lesser kind as described by Evans and McRae (1952) and Evans and Pillay (1957). 


DISCUSSION 


The importance of alterations in the S-T segment in the diagnosis of myocardial ischemia has 
impressed most authors on this subject. The first problem concerns the significance of junctional 
depression, and the second the importance of the shape of the complete S-T segment. The limits 
of junctional depression allowed in healthy subjects by those authors who relate the J to the atrial 
T wave are 0-75 mm. in any lead (Levan, 1945), or 1-0 mm. in any lead (Wood, 1956; Klakeg, 1955; 
Manning, 1957), but Holzman (1952) and Rosen and Garberg (1957) found that depression of the 
J might be as much as 2:0 mm. in chest leads with tall R waves recorded over the cardiac apex 
and still be normal if the S-T segment followed an ascending course. The abnormal patterns are 
summarized diagrammatically in Fig. 21. 

Many authors have commented on the kind of shape or design of the complete S-T segment that 
occurs in patients with coronary disease but is not seen in healthy subjects. In 1939 Puddu described 
a change in the angle between the S-T segment and the ascending limb of the T wave after exercise 
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Fic. 15.—1-4 as usual. In the record two minutes after exercise there 
is great loss of voltage of the R wave in lead CR4. (A) Cardiogram 
at rest of the same subject recorded six months later after an episode 
of cardiac infarction. Lead CR4 at rest now shows QRS changes 
similar to those that had previously occurred after exercise. 





in patients with coronary disease. Twiss and Sokolow (1942) regarded a flattening of the S-T seg- 
ment as very important and they found it in many of their patients with angina pectoris even though 
the degree of S-T depression was not abnormal. Wood et al. (1950) never found sagging S-T seg- 
ments in normal subjects and observed that flat depression of the S-T segment was unusual and rarely 
exceeded 0-25mm. Myers and Talmers (1955) and Goldman (1956) agreed with Wood et al. (1950) 
that in healthy subjects the S-T segment slopes upwards from the depressed junction to the T wave. 
It is thus distinguishable from the plane or wing depression seen in abnormal responses to exercise 
(Evans, 1956). Holzman (1952) emphasized that the peculiar shape of the S-T segment must be 
regarded as more important than the absolute degree of depression. Simonson and Keys (1956) 
were unable to reproduce the typical post-exercise ischemic pattern of the S-T segment in healthy 
young men and they therefore regarded it as qualitatively distinct. In this respect it is essentil 
that two or preferably three complexes recorded on a steady base line are available for the asses:- 
ment of the S-T segment. A wandering base line may occasionally distort the S-T segment givir g 
to it an abnormal appearance and thereby leading to the possibility of misinterpretation. A furth r 
possible source of error is the inclusion in measurement of the duration of a plane S-T segment of 2 
portion of the QRS complex that is iso-electric (Lloyd-Thomas, 1960). 

In an extensive follow-up study of the Master two-step test with its restricted amount of exercis °, 
Robb et al. (1956) found the death rate from coronary disease was 49 per 1000 for the group wh) 
showed an ischemic contour of the S-T segment: this was more than double that in the group showin 3 
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} RENAE ORAS SAAMI 
——— x i 1 
CR, | 
Fic. 16.—Transient ventricular Fic. 17.—1, 2, and 3 as usual. The cardiogram at rest (1) 
fibrillation developed and shows anterior cardiac infarction. Neither abnormal 
this was accompanied bya depression of the J, nor ischemic depression of the S-T 
brief period of uncon- segment occur after exercise (2 and 3). The T wave 
sciousness. Full recovery becomes upright in lead CR4. 
occurred. The electro- 
cardiogram eighteen 


months later showed S-T 
depression in lead I, the 
patient leading an active 
life and having only 
occasional cardiac pain 
on effort. 


junctional depression only and about ten times the rate of 5 per 1000 in the group without an abnor- 
mal response to exercise. It is important to observe that both the mortality rate and the rate of 
subsequent coronary occlusion in the group with junctional depression only was higher than would 
have been expected if junctional depression were a normal response to effort. They found that the 
mortality rate from coronary disease in patients with chest pain who showed abnormal S-T segments 
after exercise was independent of the character of the electrocardiogram at rest, being virtually 
identical for those where it was abnormal and those where it was normal at rest. 

In a study involving direct epicardial exploration at the time of operation in 15 patients with 
coronary disease causing severe cardiac pain, Prinzmetal et al. (1959) found multiple areas of signi- 
ficant depression of the S-T segments over all surfaces of both ventricles, and they attributed the 
absence of reciprocal elevations to the diffuse distribution of these areas. They could find elevation 
of the S-T segment only in areas of old myocardial infraction or in areas injured by sepration of 
adhesions. Epicardial electrocardiograms in dogs made hypotensive by bleeding also showed 
areas of S-T depression over all surfaces of both ventricles and these could not be distinguished 
visually from the intervening areas of myocardium with normal electrical activity. In experiments 
in which a single large coronary artery was occluded, epicardial cyanosis occurred and it was in this 
area that elevation of the S-T segment occurred. 

The clinical and experimental observations suggest that, in those patients in whom widespread 
S-T depression occurs, the attacks of pain are due to diffuse ischemia involving both ventricles, 
whereas in those patients in whom cardiac pain is accompanied by elevation and reciprocal depres- 
sion of the S-T segments, the ischemic process involves a discrete area supplied by a single major 
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Fic. 18.—The cardiogram before exercise (1) shows abnormal T waves 
and notching of the QRS complex. Very great depression of 
the S-T segment with both sagging contour and depression of the 
J (2-4) occurred in the complete absence of pain at the time of 
testing. The patient is still active and free of effort pain three 
years later. 


coronary artery or one of its larger branches. The usual finding that S-T elevation occurs in one or 
two leads only is to be contrasted with the much greater frequency of involvement of many leads in 
those cases showing ischemic S-T segments. 

Although many authors have considered inversion of the T wave after exercise as abnormal 
(Whitten and Herndon, 1938; Schott, 1939; Master, 1942; Biérck, 1946; Twiss and Sokolow, 
1942; Levan, 1945; Mazer and Reisinger, 1944; Grossman et al., 1949; Yu et al., 1951; Wood et al., 
1950; Holzman, 1952; Goldman, 1956; Marriot, 1957), other investigators have more recently 
established that inversion of the T wave after exercise may occur in healthy subjects (Goldberger, 
1953; Manning, 1957; Rosen and Gardberg, 1957). Master (1957) has revised his earlier view that 
pathological significance was to be attached to inversion of the T wave induced by effort. In the 
series they reported in 1956, Robb et al. found that the mortality rate from coronary occlusion in the 
group of patients showing T wave changes only (including inversion of a previously upright T 
wave) was not significantly greater than in the group with normal exercise tests; and the same ccn- 
clusion was reached when a comparison was made of the rates of subsequent non-fatal coronery 
occlusion in the two groups. Simple hyperventilation has been found to produce inversion of tie 
T wave in left chest leads in 37 of 350 healthy subjects (Wasserburger et al., 1956) and this effect 
could be prevented by the prior administration of potassium salts. 

The development of increased voltage of the T wave may be the result of subendocardial inji ry 
(Hellerstein, 1948). Smith (1918) found that the T waves became very tall immediately af er 
ligation of the left coronary artery. One patient observed by Yu et al. (1950) to develop tall T 
waves after exercise sustained a cardiac infarction ten days later. 
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Fic. 19.—1-—4 as usual. No abnormality develops in the S-T 
segments after exercise in this patient with indisputable 
cardiac pain. The appearance of T—U depression in lead 
CR4 at two minutes (2) is due to a slightly unsteady base 
line and was not present in other complexes. (A) Cardiogram 
at rest, recorded one year before the exercise test, showing 
pathological changes in leads I and CR4. 


The development of an inverted U wave after exercise is regarded as pathological (Palmer, 1948). 
It is usually accompanied by other abnormalities (Wood et a/., 1950; Papp, 1957). Holzman (1950) 
recorded one patient with coronary arterial disease in whom inversion of the U wave after exercise 
was the solitary abnormality. Depression of the T-U segment at rest in patients with cardiac pain 
was described by Evans and Pillay (1957). Such a depression as an effect of exercise has not been 
previously described. 

It was suggested by Levan (1945) that dwarfing of the R wave after exercise, which occurred in 
one of his cases, might be abnormal. Prinzmetal et a/. (1959) described cases in whom the R wave 
may disappear during severe attacks of anginal pain. 

In a recent clinico-cardiographic analysis, Davies and Evans (1960) investigated the significance 
of the S2 $3 pattern in which the amplitude of the S wave in leads II and III exceeds that of the R 
wave in the absence of an S wave in lead I: they found that this distinctive pattern indicated a fault 
in the antero-lateral aspect of the left ventricle, the myocardial lesion being usually, but not always, 
an area of cardiac infarction. The myocardial lesion in patients with cardiomyopathy causing 
fibrosis in the appropriate region may also bring about this pattern, but neither muscular hyper- 
trophy alone nor alteration of heart posture in emphysema or obesity cause it. It is of interest that 
the pattern described by Davies and Evans (1960) in the tracing at rest may also be brought out by 
exercise and show then as a purely transient phenomenon (Fig. 7). 

The occurrence of transient arrhythmias or conduction defects has more recently been con- 
sidered to have little diagnostic value (Master, 1957; Robb et al., 1956). The absence of any strict 
parallelism between abnormal tracings produced by effort and the development of pain at the time 
is well-known (Scherf and Schaffer, 1952). Riseman et a/. (1940) who recorded tracings continu- 
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Fic. 20.—1-4 as usual. The cardiogram at rest (1) shows 
abnormal Q waves in leads II, III,andCR7. Afterexercise, 
no additional abnormalities develop, the S-T segment 
retaining its physiological design. (A) Cardiogram at rest 
recorded one year earlier than the exercise test, showing 
changes of recent postero-lateral cardiac infarction. 


ously during exercise were able to show that abnormal changes might occur after 15-20 trips, where- 
as pain might not develop until 60-70 trips had been made. Some patients, however, developed 
pain first and cardiographic changes later. Wood et al. (1950) found that positive exercise tests 
occurred as frequently when there was no pain at the time of testing as when there was. 

The exercise test may fail to show significant abnormalities in the undeniable presence of coronary 
arterial disease. Master (1957) reported eight patients with coronary disease with cardiographic 
proof in whom the exercise test was negative. Bidrck (1946), Master (1950), and Holzman (1952) 


observed that patients with positive tests may gradually cease to demonstrate the abnormal features | 


after exercise and eventually lose their abnormal cardiographic response to exercise. This may %e 
attributed to the eventual abolition of ischemic muscle consequent upon the reorganization ad 
development of collateral vessels or to the reduction of the total mass of ischemic muscle to su-h 
small proportions that the cardiographic exploration usually used is insufficiently sensitive to det: ct 
its presence even though cardiac pain on effort may persist. 

The studies of Blumgart et al. (1940) and of Lowe (1941) on pathological specimens and the wok 
of Burchell (1940) on experimental coronary occlusion show that a main coronary artery can Je 
occluded without any detectable effect on the myocardium; and that, if the occlusive process occt rs 
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Fic. 21.—Diagrammatic representation of abnormal electrocardiographic patterns that may occur after exercise 
(2-12). A normal tracing is shown for reference in (1). Abnormalities of the S-T segment are shown in 2-6. 
(2) shows an S-T segment which is plane for a measured 0-1 sec. (or longer). Sagging deformities of the S-T 
segment affecting the terminal, middle or proximal portions of the segment or the entire segment are seen in 
3,4,5,and6. Depression of the J is illustrated in 7 (see text for degree of depression that is abnormal). Depres- 
sion of the T—U segment is the feature of 8 and inversion of the U wave of 9. Elevation of the S-T segment 
(exceeding 1 mm.) may be associated with the development of tall T waves as seen in 10 or these features may 
occur independently. Loss of the R wave in lead CR4 and development of the S2S3 pattern are represented in 
11 and 12 respectively. More than one abnormal pattern may occur in a particular case. 


slowly enough, three main coronary vessels may be completely occluded without production of an 
area of infarction. These experimental and morbid anatomical observations and the finding of a 
normal electrocardiographic response to exercise offer confirmation of the suggestion that the sur- 
viving myocardium in a patient with undoubted coronary arterial disease may in fact be adequately 
supplied with blood as a result of efficient reorganization of the coronary circulation. In such 
circumstances a positive test may later return after further branches become occluded and reduce 
either total or regional coronary blood flow. 

In order to explain the later return of a normal electrocardiogram at rest and of a physiological 
cardiographic response to exercise in patients with cardiac pain showing an abnormal tracing with 
inversion of the T waves mainly in leads I and in CRI to CR4 in the absence both of depression of 
the S-T segment and of abnormal Q waves, Evans (1955) postulated the existence of coronary 
arteriospasm, affecting the left coronary artery distal to its circumflex branch, as the main operative 
factor. Such an explanation may perhaps apply to the case illustrated in Fig. 19. Alternatively in 
this particular instance it may be that there had been slow development of a stenosing lesion in the 
anterior descending branch, allowing sufficient time for a formation of a collateral circulation that 
becomes totally adequate, after a transient period of inadequacy represented by the attack of pain 
and the accompanying temporary cardiographic abnormalities. 


SUMMARY AND CONCLUSIONS 


The exercise electrocardiogram was recorded in 187 patients, each of whom gave a history of 
classical cardiac pain and had shown an abnormal record at rest. The patients were carefully selected 
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so as to include only those who were used to considerable physical activity in their daily routin >. 
The exercise was continued until the subject developed pain, fatigue, or breathlessness. Pan 
occurred in 139 patients. 

An electrocardiogram was first recorded at rest and provided this did not show any deterioratic n 
when compared with recent records it was followed by exercise with three tracings at intervals >f 
two, four, and ten minutes after completion of effort. 

Attention was paid to changes in the J, to changes in the design of the S-T segmert, 
to elevation of the S-T segment, to the T wave, U wave, and T—U segment, to reduction in the volta ‘e 
of the R wave in lead CR4, and to the occurrence of ectopic beats or other arrhythmias and condu>- 
tion defects. 

Ideally the results of the exercise test should be correlated with the state of the coronary circulatic n 
at the time of the test. Since this is not practicable, it has been necessary to evaluate the response 
to exercise in terms of the assessment of the coronary state of the tested subjects achieved by clinic 11 
means and by serial tracings. 

Evidence has been obtained to show that the most valid indication of myocardial ischemia at the 
time of exercise or shortly after is the S-T segment that shows a plane (i.e. a segment which is flat 
for a measured 0-1 sec. or longer) or sagging deformity (i.e. a segment that at some interval during 
its course shows a decline from the level of the J). It is important to be aware that the development 
of this change may be delayed and only become apparent in records made more than four minutes 
after the exercise has been completed. Junctional depression of 1 mm. or more below the P-Q 
segment has been shown to occur less frequently than the deformity of the S-T described, and to be 
absent in many leads showing severe S-T segment deformity. 

Other changes may occur after exercise—depression of the T-U segment, inversion of the U 
wave, dwarfing of the R wave in lead CR4, elevation of the S-T segment, development of tall T 
waves and of the S2S3 pattern—changes that are not seen in healthy subjects, but have in most 
instances been accompanied by ischemic deformities of the S-T segment. These abnormal patterns 
have been summarized diagrammatically in Fig. 21 

The exercise test is a valuable additional diagnostic procedure: it may uncover abnormalities 
that might be missed without it; it leaves fewer cases to be diagnosed on clinical judgement alone; 
it may offer evidence to confirm the abnormaiity of a cardiogram that at rest shows only borderline 
changes; it may be used to confirm the abnormality of the lesser signs in the resting cardiogram in 
cases where their recognition is difficult or unconvincing; and it may give an indication of the 
physiological efficiency of an expanded coronary collateral circulation. 

A normal response to exercise does not, and would not be expected to exclude, the presence of 
disease in the coronary arterial system. It is essential to recognize clearly that what is being tested 
is the adequacy of coronary blood flow in relation to the metabolic demands of the heart musc'e 
cells at the time of investigation, the balance between supply and demand being interpreted in terms 
of the recorded electrical activity of these cells. 


It is a great pleasure to acknowledge the help and encouragement that I have received from Dr. William Evans 
ae Dr. Wallace Brigden. I would also like to thank Mr. William Dicks and Miss Pamela Whitford for their technical 
elp. 
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First introduced to the medical profession by Frimont-Méller and Barton (1940) as a “ pseuco- 
tuberculous condition associated with eosinophilia” with a clinical report of 175 cases, the condition 
popularly known today as “tropical eosinophilia’ (Weingarten, 1943) offers many points of 
interest. Its high incidence in certain geographical regions, particularly along the coastal belts of 
India, contrasted with its rarity in the Western hemisphere; its recent recognition despite a high 
prevalence; its obscure etiology, pathogenesis, and epidemiology, and its prompt response to 
arsenicals and diethylcarbamazine; and the preponderant involvement of the respiratory system; 
all these are some of the unexplained problems that offer a challenge to the enquiring investigator. 

Also referred to in the past as “ pulmonary eosinophilosis,” “ benign eosinophilia with pulmonary 
shadows,” “tropical pulmonary eosinophilia,” “‘eosinophil lungs,” and “tropical eosinophilemia,” 
the syndrome of tropical eosinophilia, with its characteristically high eosinophilic leucocyte count, 
fever, and pulmonary symptoms, has been variously attributed to allergy, spirochetosis, filariasis, 
virus infection, and infestation with the acarus. After the recent isolation of the Wucheria Malayi 
from the lymph nodes of a few patients by Van der Sar (1945), and the investigations of Danaraj 
et al. (1957) and Gault and Gebba (1957), the focus of interest has suddenly shifted to the filarial 
theory of origin. 

Apart from a solitary post-mortem report by Vishwanathan (1947, 1948), there are no patho- 
logical data to establish the exact position of the disease in the large group of eosinophilic disorders. 
Its relationship, for instance, to Loeffler’s syndrome (1932), an eosinophilic disorder of temperate 
climates associated with pulmonary infiltration, and to the “disseminated eosinophilic collaginosis” 
of Bousser (1957), with eosinophilia and a variety of systemic manifestations, has not as yet been 
clarified. 

Although associated with a host of respiratory symptoms and signs, a febrile course, and massive 
eosinophilia, tropical eosinophilia responds promptly and effectively to arsenicals and diethyl- 
carbamazine, the therapeutic response being at times nothing short of dramatic. Although interest 
has been recently focussed by many authors on the so-called aberrant, atypical, or extra-pulmonary 
manifestations of the disease, including involvement of the gastro-intestinal system (Chaudhuri, 
1956), lymphadenopathy, pleurisy (Joseph, 1946), nephritis (Meyers and Kouwenar, 1939), and skin 
lesions, little or no attention has been paid to the cardiovascular manifestations of the disea ie. 
Earlier papers on the subject give the impression that involvement of the cardiovascular system in 
tropical eosinophilia was rare or non-existent. In view of the contrary experience of the author aid 
the paucity of existing data on the subject the following clinical investigation has been made. 


MATERIAL AND METHOD 


The present study consists of a detailed examination of the cardiovascular system, clinically a id 
electrocardiographically, in one hundred hematologically proven cases of tropical eosinophil a. 
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ey were of all degrees of severity, ranging from mild and afebrile to intensely severe forms of the 
ease, with eosinophil percentage counts ranging from 25 to 80 per cent of the total white cells. 


! patients were subjected to serial electrocardiography, employing 12-leads, during and after 
the 
, dence of arrhythmias and other abnormalities. Of the 100 patients, 62 were male and 38 female, 


acute phase of the illness. In all, 208 tracings were analysed and a detailed study made for 


h an age range of from 9 to 66 years and average age of 28 years. 


OBSERVATIONS 


Clinical Findings. Certain symptoms suggestive of heart disease, such as dyspnoea and cough, 
proverbially difficult to evaluate in a disease like tropical eosinophilia, in which there is pre- 
iderant involvement of the respiratory system. Nevertheless, the presence of exertional or 
stural dyspnoea (orthopnea), and nocturnal attacks of paroxysmal dyspnoea, especially when 
ociated with abnormal physical findings over the precordial area and signs of cardiac decom- 
isation, such as engorged neck-veins, ankle oedema, and painful enlargement of the liver, should 
zgest the possibility of cardiac involvement. 

In the present series, vague precordial aches and pains were complained of by at least 20 per cent 


| patients, but typically anginal cardiac pain was only encountered thrice. In one patient (Case 6), 
th: 


anginal pain was severe and prolonged enough to warrant a diagnosis of acute coronary insuffi- 
ney, later to be corroborated by electrocardiographic evidence of myocardial ischemia. 

The physical examination of the heart revealed relatively few physical signs. Systolic murmurs 
rade I-II1) were heard transitorily, over the pulmonary or mitral area or over both regions, in 7 
tients; accentuation of the pulmonary component of the second sound was present in 36 instances 
d gallop rhythm in only 3. Signs of congestive heart failure, such as tender enlargement of the 
er, gravitational ceedema, and distended neck veins, were observed in six patients. 

Joint pains with swelling and redness were observed in 4 patients, generalized lymphadenopathy 


in 7, hepatomegaly with no other signs of congestive heart failure in 8, and splenomegaly in 3 
patients. Hyperpyrexia, pleurisy, gastrointestinal involvement, and peripheral failure, reported as 
rare complications by other authors, were not seen at all in the present series. 


TABLE I 
ELECTROCARDIOGRAPHIC FINDINGS IN 100 CASES OF TROPICAL EOSINOPHILIA 





Nature of abnormality Number of cases 





Disturbances of Rate and aie 
Sinus tachycardia 
Sinus bradycardia 
Atrial premature systoles ; 
Ventricular premature systoles 
Supraventricular paroxysmal tachycardia 
Disturbances of Conduction: 
First degree A-V heart block . a ne e vl 
Incomplete right bundle- branch block ‘ ‘ , 
Relative Ventricular Preponderance and Position of Heart: 
Right axis deviation = “e +e ae 4° me 
Right ventricular strain es Ne - SC es a) 
Left ventricular strain .. 
Abnormalities of Ventricular or Atrial Complexes: 
Decreased amplitude of QRS (under 5 mm. in limb re 
Slurring or notching of QRS ; 
Increased amplitude and/or duration of P wave 
Diminished amplitude and/or duration of P wave .. . —— 
T wave inversion ; me Res saat 
Non-specific abnormalities of S-T segments +a “A al 
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All the patients made uneventful recoveries from the malady itself. Dyspnea of effort continu: d 
for two to eight weeks after subsidence of fever in six of the cases. Apart from one patient (Ca ie 
6) who showed evidence of subendocardial infarction and later died with transmural infarctic 1, 
there were no fatalities in the entire group. It was significant that cardiovascular symptoms ai d 
signs, whenever present, bore no relationship to the degree or duration of pyrexia, intensity f 
respiratory involvement, or level of eosinophilia, but were observed mainly in those patients in whe n 
specific therapy was greatly delayed or when there was pre-existing heart disease. 

Electrocardiographic Findings. Significant changes in the electrocardiogram (exclusive of sin is 
tachycardia) were observed during the acute illness in 37 of the 100 patients studied (Table I). Cn 
the whole, the cardiographic abnormalities were mild, infrequent, and transient, with the exce - 
tion of a few isolated instances in which the patterns gave reason for concern. 


ILLUSTRATIVE CASE REPORTS 


The following selected case reports serve to illustrate some of the types of cardiovascular invol\ e- 
ment that may occur in tropical eosinophilia. By no means common or representative of the disease 
as a whole, they should be regarded as atypical or exceptional manifestations. 


Case 1. A 30-year-old man complained of low-grade fever of 16 days’ duration with severe, hacking 
cough, dyspneea, and intermittent precordial ache. In spite of antibiotics, antipyretics, and cough syrups, 
the dyspncea and cough were proving increasingly troublesome. Clinical examination revealed a thin 
man with flushed face, ‘“‘wheezy”’ respiration, mild pharyngitis, and rhonchi all over the chest. There 
was a rapid cardiac rate of 110 a minute and a grade II systolic murmur over the pulmonary area. The blood 
pressure was 120/80. The liver was slightly enlarged and tender. The total WBC count was 16,400 with 54 
per cent eosinophils. The urine and stools were normal. 

Electrocardiograms taken on the second day of observation showed low voltage of T waves in the limb 
leads and in leads V4 to V6, with non-specific depression of ST-T segments in the same leads (Fig. 1A). 





















































Fic. 1.—Case 1. Electrocardiogram showing (A) low voltage of T waves and S-T segment depression; and (3) 
correction of these abnormalities 14 days later. 
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By treatment with two tablets of hetrazan four times a day the patient became afebrile on the fourth day 
while the eosinophilia, hepatomegaly, and non-specific ST-T abnormalities disappeared by the end of the 
second week (Fig. 1B). Slight dyspnoea of effort, general loss of strength and nocturnal cough persisted 
for at least a month after the start of treatment. 

Comment. Cardiovascular involvement in this patient with tropical eosinophilia was suggested by the 
ap ‘earance of transitory electrocardiographic abnormalities in conjunction with precordial ache, dyspnoea of 
efi rt, and nocturnal cough. 

‘ase 2. A 19-year-old student became ill rather suddenly with cough, aching in the body, high fever, 
wi sezy breathing, and dyspneea. Antibiotics, antipyretics, and diaphoretics were given for almost two 
we ks without avail. On the twelfth day of fever (99° and 130°F), she suddenly developed a sharp, lancinat- 
in; pain over the preecordium, with exacerbation of fever and dyspneea. 

On examination, the thin and pale young woman was in obvious distress, with pain located mainly in the 
th d and fourth left interspaces. Although the heart sounds were normal and no murmurs were detected, 
a. iperficial, scratchy to-and-fro pericardial friction rub became audible over the mid-przcordial areas, it 
w: ; increased in intensity by pressure on the chest-piece of the stethoscope. Rhonchi and moist sounds 
we e heard over both sides of the chest. Signs of heart failure were not present. The electrocardiogram 























Fic. 2.—Case 2. Electrocardiogram showing sinus tachycardia, shallow inversions of T waves and mild S-T segment 
depression. 


taken within 16 hours of onset of pain (Fig. 2) showed sinus tachycardia with shallow inversions of T waves 
and mild S-T segment depressions in leads I, I], aVL, and V4 to V6. In conjunction with the physical signs 
the cardiogram was consistent with a diagnosis of acute dry pericarditis. 

The blood count showed 15,600 WBC, with 46 per cent eosinophils. The urine and stools were normal. 

After two injections of acetylarsan (3 ml.), at an interval of five days, the patient made an uneventful 
recovery. The pericardial friction and fever disappeared within three days of beginning treatment; the 
eosinophil count regressed to 12 per cent within a week, and the cardiogram reverted to normal within 
three weeks. Subsequent follow-up of the patient revealed no residual symptoms or signs. 

Comment. In this patient the signs and the abnormal cardiogram appearing suddenly at the height of 
infection led to a diagnosis of acute dry pericarditis. The uneventful recovery after acetylarsan injections 
endorsed this diagnosis. Inflammation of the pericardium as a complication of tropical eosinophilia has 
not, I believe, hitherto been recorded. 

Case 3. A 26-year-old woman, who gave a history of acute rheumatic fever ten years ago and had been 
under observation for three to four years for mitral stenosis, developed rather suddenly, cough, wheezing, 
running of the nose, aches in the trunk, and fever. Despite massive doses of salicylates and tetracycline, the 
symptoms continued unabated, whilst cedema of the ankles, tender enlargement of liver, engorgement of the 
cervical veins, tachycardia, and postural dyspnoea developed during the second week of illness. Besides 
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typically long, mid- and late-diastolic murmurs of mitral stenosis at the apex (observed on several occasions in 
the past in this patient), a new, harsh and long grade III systolic murmur, suggestive of mitral regurgitatin 
now appeared. It was associated with slight outward displacement, of the apex thrust. A routine ur 
examination showed a light cloud of albumin and red cells, while a blood count showed 4-6 million red ce | 
82 per cent Hb., and 22,400 white cells with 72 per cent eosinophils. The patient was put on digitalis a 
diuretics and also hetrazan tablets, two thrice daily. 

The electrocardiogram before treatment (Fig. 3), showed sinus tachycardia with intraventricular cond 
tion defect, increased duration with notching and slurring of QRS complexes and depression of ST-T s 
ments in leads I, II, and V4 to V6. After three days of treatment, the patient was afebrile and the dyspn 2a 
































Fic. 3.—Case 3. Electrocardiogram before therapy, showing (A) sinus tachycardia, intraventricular conduction 
defect, notching of QRS, and S-T segment depression. (B) Electrocardiogram after therapy showing restoration 
towards normal three weeks later. 


and cough had considerably improved. The white cell count after three weeks was 9000 with 18 per cent 
eosinophils, whilst a fresh electrocardiogram showed no evidence of the sinus tachycardia or intraventricu'ar 
conduction defect, although lowering of the voltage of the T waves in the V leads was noted and thought to 
be digitalis effects. 

The apical systolic murmur and the outward displacement of the apex had disappeared within six wee ks 
of treatment being started. 

Comment. The development of tropical eosinophilia in this patient with mitral stenosis was associat :d 
with a mild degree of cardiac enlargement, symptoms and signs of congestive cardiac failure and defecti /e 
intraventricular conduction. Digitalis and diuretics exerted their expected beneficial effect but the contr 91 
of tropical eosinophilia by hetrazan was judged to have been therapeutically important. 
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ons in 


Case 4. A 14-year-old school-boy, in good health except for occasional complaints of aches and pains 
ation 


in the calves after walking, developed sudden and severe cough, noisy breathing, malaise, backache, nocturnal 


ur_1e paroxysmas of dyspnoea, and low-grade pyrexia. Within a few days of the onset of fever, he developed 

Ce Is, pa iful enlargement of the left knee, right ankle, and both shoulder joints with a pink flush over each joint. 

S aid Th» deep cervical and right axillary lymph nodes were enlarged and tender, the liver and spleen were both 

jus' palpable, and small, tender subcutaneous nodules, undistinguishable from rheumatic nodules, were 

s C- pa_pable over the right leg and both elbows. Examination of the throat showed congestion and follicular 
S.g- to: sillitis. 

pn 2a The urine and stools were normal. The temperature ranged between 98-6° and 100° F and the blood 


co’ nt showed 19,400 white cells with 28 per cent eosinophils. The electrocardiogram (Fig. 4) showed 
sir 1s tachycardia, normal axis, increased height and duration of P waves, and mild S-T segment depressions 
in 2ads V1 to V6. 


















































































































































Fic. 4.—Case 4. Electrocardiograms showing (A) sinus tachycardia, increased voltage and duration of P waves, and 
mild S-T segment depression; and (B) normal rate and regression towards normal patterns three weeks later. 
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The joint pains and swellings, lymphadenopathy, and fever subsided within four days of the first injection 
of acetylarsan intramuscularly. After three injections, at weekly intervals, the patient was cured, with an 


r com electrocardiogram almost normal and an eosinophil count of 4 per cent. 
eee: Comment. A syndrome, similar to that of rheumatic fever, with joint pains and swellings, rheumatic 
ght to nodules, and fever, has been described previously in tropical eosinophilia. In this case, the syndrome was 
ss associated with minor electrocardiographic abnormalities, which disappeared as the illness came under 
ss control by treatment with a parenteral arsenical. 
. Case 5. A 46-year-old man complained of paroxysmal cough, nocturnal dyspnoea, wheezing, and low 
0 d grade fever of about three weeks’ duration. For several days, he had been experiencing sharp pain in the 
m4 4 tight mid-axillary region and back, particularly on deep breathing and cough. On examination, sonorous 


and sibilant rhonchi were heard on both sides of the chest; at the right base, the air entry appeared diminished 
and a scratching pleural rub was audible. Cardiac auscultation revealed a loud and split second sound in 
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the pulmonary area and a grade I systolic murmur over the mitral and pulmonary areas. The white cc! 
count was 18,600 per cu. mm. with 56 per cent eosinophils. 

An electrocardiogram (Fig. 5) showed infrequent ventricular extrasystoles, sinus tachycardia, low volta; e 
of P waves, and depression of S-T segments in leads I, II, and V2 to V6. Within two weeks of startir g 
hetrazan, 2 tablets thrice daily, the patient was free of all symptoms, the clinical signs had disappeared ar 4 
the cardiogram had become almost normal. 

Comment. In addition to the signs of dry pleurisy, there were indications of cardiovascular involveme t 
in this case of tropical eosinophilia as shown by non-specific ST-T abnormalities, low P waves, ventricul: r 
extrasystoles, and soft systolic murmur. The malady responded swiftly to treatment by hetrazan. 
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Fic. 5.—Case 5. Electrocardiograms showing (A) occasional ventricular extrasystoles, low voltage of P waves, S-T 
depression, and sinus tachycardia; and (B) normal heart rate and regression towards normal patterns a fortnight 
later. 


Case 6. A 52-year-old business man who had been the subject of mild hypertension and diabetes of 
moderate degree for years, and who was continuously taking oral rauwolfia and tolbutamide for his ai'- 
ments, was suddenly stricken with what appeared to be acute bronchitis; there was severe and unproductive 
cough, wheezing respiration, postural dyspnoea, and fever ranging between 99° and 101° F. In spite cf 
antibiotics and symptomatic treatment, his condition continued to deteriorate, and he developed a mil 1 
degree of ankle cedema with tender enlargement of the liver. The white cell count at the time of observatio1 
was 18,200 per cu. mm. with 58 per cent eosinophils. Treatment was instituted with bed rest, digitali:, 
diuretics, and hetrazan, two tablets, four times a day. Within 16 hours of starting this therapy he ha 1 
repeated attacks of anginal pain with left arm radiation and feelings of constriction. The pains were accon - 
panied by a moderate rise of blood pressure and mild sweating and restlessness but no vomiting. The heait 
sounds were feeble, and a protodiastolic gallop rhythm was audible near the apex. Rhonchi were heard a | 
over both sides of the chest and coarse and medium sized moist rales over both bases. 
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An electrocardiogram taken between successive attacks of anginal pain showed left axis deviation 


| with marked sagging of the S-T segments in leads II, II], aVF, and V2 to V6, and also inversion of T waves in 
» leacs I and aVL. This tracing strongly suggested an acute coronary insufficiency or subendocardial in- 
farc ion. 


Vithin a week of beginning treatment, the clinical condition of the patient had improved considerably, 


| the anginal pain, cough, dyspnoea, edema, and hepatomegaly all having disappeared. During the second 


< of convalescence, however, the patient had a more violent and continuous bout of chest pain with 
eral radiation into both shoulders and arms, profuse sweating, vomiting, and precipitous fall of blood 
sure to 96/76. An electrocardiogram taken the day after showed the typical patterns of acute myocardial 
‘ction. A white cell count at this stage showed a leucocytosis of 16,800 per cu. mm. with 68 per cent 
morphs and 8 per cent eosinophils. Despite anticoagulant therapy, sedatives, and peripheral stimulants, 
yatient’s condition deteriorated rapidly and he succumbed with acute pulmonary cedema about 72 hours 
- the onset of severe chest pain. A necropsy was not permitted. 

“omment. This case serves to emphasize the serious repercussions of a relatively benign ailment in a 
ont afflicted with arteriosclerotic heart disease and diabetes. At the height of an attack of tropical 
10philia he suffered acute coronary insufficiency. Treatment benefited him for a few days but then he 
loped acute myocardial infarction and died three days later from pulmonary cedema. 


DISCUSSION 


Apart from a few vague references to the subject of cardiovascular involvement in tropical 
eos nophilia, there are no well-controlled clinical or electrocardiographic studies or necropsy data 
to hrow light on this important subject. As far back as 1921, Aubertin and Gerous reported a 
case of eosinophilia (60 to 70 per cent of total white cells) with cardiac failure and atherosclerosis of 


| the pulmonary artery. Precordial pain, simulating angina pectoris, has been reported by Jhatakia 


(1946) and Vishwanathan (1948). Of the atypical cases reported by D’Abrera (1958) one simulated 
rheumatic heart disease and another rheumatic fever with carditis. In a patient with tropical 
eosinophilia who had also mitral stenosis and congestive cardiac failure, described by Misra and 


| Prakash (1957), necropsy failed to disclose any evidence of recent rheumatic infection. 


The paucity of existing data on the subject of cardiovascular involvement in tropical eosinophilia 
is not surprising in view of the fact that tropical eosinophilia was unknown to the medical profession 
until a few years ago. Moreover, the short course and uneventful recovery in the majority of cases 
leave little or no scope for investigation of this small aspect of clinical medicine which has hitherto 


, attracted little attention. 


The cardiovascular manifestations of tropical eosinophilia, although mild and generally devoid 
of serious consequences, may however possess dangerous potentialities when the cardiovascular 


| system is grossly damaged or impaired by pre-existing disease. The importance of such a possibility, 


not stressed sufficiently in the past, is borne out by the illustrative case reports presented here. 


| The clinical and electrocardiographic abnormalities encountered in the present case histories serve 
| to emphasize certain points of interest. The cardiovascular system is by no means as immune to 
| the ravages of the disease as has been believed in the past. Cardiovascular involvement is particularly 
| frequent and significant when specific treatment is delayed, usually through mis-diagnosis, or when 
) pre-existing valvular or ischemic disease renders the heart more vulnerable. 


The electrocardiographic findings were of mild degree and non-specific, and did not suggest 
gross myocardial damage. In the absence of necropsies, the pathological basis of these abnormalities, 


| whether secondary to pyrexia, right ventricular strain, anoxemia, eosinophilic infiltration of the 


myocardium, or administration of drugs, must remain conjectural. Although cardiac consequences, 


) when they occur, are usually mild they may at times pose problems in differential diagnosis, parti- 
) cularly from acute rheumatic fever, rheumatic carditis, valvular heart disease, congestive cardiac 
| failure or pericarditis. Such difficulties have been reported previously by several authors, and 
| they have been enountered on several occasions during the present investigation. 
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SUMMARY 


One hundred cases of tropical eosinophilia, proven hematologically, were studied from t ie 
standpoint of cardiovascular involvement. While precordial pain occurred in one-fifth of ll 
patients, in only three was the pain judged to be anginal. Systolic murmurs of varying intens ‘y 
were heard in 7 patients, but always transiently.. In 36 there was a loud pulmonary second sour , 
but indications of congestive heart failure were found in only 6 instances. Every patient except 01 e, 
who died with transmural infarction, eventually recovered but in some dyspneea persisted for ma iy 
weeks. 

Significant abnormalities in the electrocardiogram were recorded in 37 of the 100 patients studi: d. 
They were, with few exceptions, mild and transient. When cardiovascular disorders occurred th +y 
generally bore no relation to the degree or duration of fever or to the severity of respiratory invol\ e- 
ment. They were observed mainly in those patients in whom specific therapy was delayed or in 
whom there was pre-existing heart disease. 
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Pulmonary hypertension occurs less frequently in atrial septal defect (A.S.D.) than in shunts at 
vei tricular or aorto-pulmonary levels. Nevertheless it is a serious complication of A.S.D. that 
lea Is to severe disability, predisposes to pulmonary thrombosis, and constitutes the main contraindi- 
cat.on to surgical closure of the defect. It is rare below the age of 20 and relatively common after 
the age of 40 years. 

This paper deals with 41 cases of A.S.D. complicated by significant pulmonary hypertension. 
A-ystolic pulmonary arterial pressure above 50 mm. Hg at catheterization confirmed the diagnosis 
in 35 patients, and the diagnosis was based on central cyanosis and post-mortem findings in 6. 
Thirty-six patients were investigated at the Middlesex Hospital during 1956-1958 while 5 relate to an 
earlier series (Bedford et a/., 1941) in which case records and post-mortem findings were available. 

Incidence. Pulmonary hypertension, as defined, occurred in 16 per cent of 225 cases of A.S.D. 


seen at the Middlesex Hospital, but in only 6 per cent was the pulmonary pressure high enough to 
reverse the atrial shunt. Wood (1958) estimated the incidence of severe pulmonary hypertension 
(Eisenmenger reaction) to be at least six times as great in large aorto-pulmonary or ventricular 
shunts as in large A.S.D., and this agrees with the experience of Swan (1954) and of Scebat et al. 
(1957). Bedford and Sellors (1960) reported pulmonary hypertension, as defined, in 18 per cent 
of 300 consecutive cases of A.S.D. and its incidence was 4 per cent below the age of 20, 18 per cent 
between 20 and 40, and 40 per cent over the age of 40 years. 


HAMODYNAMIC PATTERN 


It is important to distinguish between hyperkinetic pulmonary hypertension due mainly to in- 
creased flow, and obstructive hypertension due mainly to an increased vascular resistance. When 
the vascular resistance exceeded 5 units (400 dynes/sec./cm.-5) hypertension has been arbitrarily 
classed as obstructive, and when the resistance was below this level, and the left-to-right shunt 
considerable, hypertension has been classed as hyperkinetic. Surgical closure of an A.S.D. com- 
plicated by obstructive hypertension with a small, balanced, or reversed shunt is unlikely to be 
beneficial and may well prove harmful because the safety valve action of a reversed shunt is lost. 
Swan (1959) reported the results of operation in three patients with obstructive pulmonary hyper- 
tension: two died immediately and the survivor showed no regression of pulmonary hypertension 
after operation. McGoon et al. (1959) reported 5 operative deaths in 7 cases of A.S.D. with high 
pulmonary vascular resistance, and Liddle et al. (1960) 6 operative deaths in 15 cases of A.S.D. 
with pulmonary hypertension exceeding 50 mm. Hg. 

In the present series of 41 patients, pulmonary hypertension was obstructive in 30, hyperkinetic 
in 7, and associated with Lutembacher’s syndrome in 4 patients who have been grouped separately as 
they presented distinctive features. 
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ANATOMICAL TYPE OF A.S.D. 


Ostium primum defects were diagnosed in 3 instances, two with obstructive and one with hyper i- 
netic pulmonary hypertension; the latter proved to have a common A-V canal at operation. Wood 
(1958) found pulmonary hypertension in 43 per cent of 21 cases of common atrio-ventricular cai al 
or ostium primum, and Keith ef al. (1958) have emphasized its frequency in primum defects in 
children. In the Middlesex Hospital series of A.S.D. the diagnosis of an ostium primum type | as 
been made altogether in 56 cases, and in 32 of them the clinical diagnosis has been confirmed at 
operation or at necropsy or both. In these 56 pulmonary hypertension (exceeding 50 mm. systol c) 
occurred in only 7 (12-:5°%%). The Middlesex series related almost entirely to adults and child: :n 
aged over 5 years, so that children with the more serious malformations such as complete comm )n 
A-V canal with a ventricular shunt who die early were obviously excluded. Nevertheless, the ic 2a 
that pulmonary hypertension is the rule in the ostium primum defect does not apply to patients w 10 
survive to adolescence or adult life and may then have a clinical course that is relatively benign. 

Bedford (1960) in 15 cases of primum defect, proved at operation or necropsy, found the p il- 
monary arterial pressure normal in 4, 30-50 mm. systolic in 8, and 80 mm. systolic in one paticnt 
with a common A-V canal. Of the two not catheterized, one presented signs of pulmonary 
hypertension with a reversed shunt, and the other no evidence of it. He suggests that pulmonary 
hypertension occurs below the age of 20 only in primum defects with a common A-V canal and 
a significant ventricular shunt. 

Superior caval (sinus venosus) defects were present in 4 of this series, three having obstructive and 
one hyperkinetic hypertension. The incidence of pulmonary hypertension was more than twice 
as great in S.V.C. defects as in fossa ovalis defects in the Middlesex Hospital cases. 


SEX AND AGE 


The ratio of women to men was 4 to | in the present series of 41 patients, whereas it was 2 to | in 
the 225 patients with A.S.D. uncomplicated by pulmonary hypertension. The age of those with 
pulmonary hypertension ranged from 2 to 63 years, the average age at the time of reporting or at 
death being 36 years. Thirty-one patients survived the age of 30 (Table I). ; 


TABLE I 
AGE INCIDENCE OF PULMONARY HYPERTENSION IN A.S.D. 





Age 0-10 11-20 | 21-30 | 31-40 | 41-50 | 51-60 





Obstructive group 








Hyperkinetic group 





Lutembacher group 





Total 





SYMPTOMS AND CLINICAL SIGNS 


Cardiac symptoms developed before the age of 20 in one-third of the obstructive and in tw>- 
thirds of the hyperkinetic group, the average age at the onset of symptoms being 28 and 15 yeers 
respectively (Table II). Palpitation and dyspnoea were the earliest and most frequent symptor 1s 
(Table III). Palpitation could be related to paroxysmal arrhythmias in 6 cases, but usually it wis 
due to an over-active right ventricle. Dyspnoea, often severe, was the presenting complaint in ‘8 
patients. Orthopneea occurred in 43 per cent of the obstructive and in 86 per cent of the hyper! i- 
netic group, and was often related to respiratory infection. 
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TABLE II 
AGE OF ONSET OF SYMPTOMS IN 40 CASES 





Age 0-10 | 11-20 21-30 | 31-40 | | | Average 





tructive group ae 6 3 6 | | 28 
yerkinetic group .. i 4 1 —- 15 
embacher group ae — — — | | 34 





TABLE Ill 
SyMPTOMS IN A.S.D. wITH PULMONARY HYPERTENSION 





Obstructive Hyperkinetic Lutembacher 
(30 cases) (7 cases) (4 cases) 





| o/ 
ie oy ws a ov <4 si 4% —_ 





pnoea (Grade 1-2) .. = oa On 23% 





y pnoea (Grade 3-4)... = ji ers ua px y A 





Or: hopneea oi a ae = ——— 43% 





Co igestive failure. . os a a me | 33% 





Pal pitation af a me aa ohh 70% 





Recurrent bronchitis ie a 3 oP | 50% 


Hamoptysis ee ~ ee a ee D 20% 





Fatigue _ ae ia ee a oe 237 





Ischemic pain es os os ie Pe 23% 








Syncope... xe oe ee mae a i yt 4 





Congestive heart failure occurred in 49 per cent of the patients, more frequently in the hyperkinetic 
group, and recurrent respiratory infection was common. Hemoptysis occurred in 7 patients, being 
related to respiratory infection in 5 and to pulmonary thrombosis in 2. Fatigue was a major 
symptom in one-quarter of the total. Anginal pain on effort occurred in 7, and in 3 of them there 
was also effort syncope. Syncope, like pain, occurred only in the obstructive group, but in contrast 
to pain it was invariably associated with severe disability. The duration of symptoms in the 41 
patients averaged 12 years, being longest in the hyperkinetic group. Once symptoms appeared, 
deterioration was more rapid in the obstructive than in the hyperkinetic group. 

The principal signs are given in Table IV. Cyanosis of peripheral type was common in all the 
patients, but central cyanosis was limited to the obstructive group. The average age at onset of 
central cyanosis was 32 years; in 4 instances its onset was sudden and due to thrombosis of a major 
pulmonary artery. About half of the centrally cyanosed patients also had finger clubbing. 

Atrial fibrillation occurred in 10 patients, including all the Lutembacher group, 3 out of 7 
hyperkinetic ones, but only 3 out of 30 with obstructive hypertension. The jugular venous pressure 
was raised in 40 per cent of the whole group, but a dominant “‘a”’ wave was seen in only 5 patients, 
all with obstructive hypertension. 

Auscultation. Obstructive pulmonary hypertension modified the usual auscultatory signs of 
A.S.D. ina characteristic way. The pulmonary systolic murmur was rarely loud and in 8 it was 
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TABLE IV 


PHYSICAL SIGNs IN A.S.D. wiITH PULMONARY HYPERTENSION 





Hyperkinetic Lutembacher 
(7 cases) (4 cases) 


Obstructive 
(30 cases) 








Clubbing 30% 
Atrial fibrillation .. aig re as “ 10% 


J.V.P.—‘a” dominant... a pe & iT% 








| | 
| | 
Cyanosis (central) .. ie a or i | 63% | 
| | 

| 

| 

| 





Right ventricular lift a ‘ss a cen 97% 





Ejection sound er ae iP as a 70% 








Systolic murmur absent 
S.M. (Grade 1-2) .. 
S.M. (Grade 3-4) .. 











Second sound split (Grade 1-2) .. 





Second sound split (Grade 3-4) .. 
P»2 loud 

Pulmonary D.M. 

Tricuspid D.M. 

Tricuspid S.M. 

Mitral S.M. 

Mitral D.M. 























Atrial sound 








absent, while a systolic ejection sound was present in 70 percent. Splitting of the second sound was 
close, the pulmonary element was always loud, and in almost half there was a diastolic murmur of 
pulmonary regurgitation. The tricuspid diastolic flow murmur was rarely heard (17 °%). 

Hyperkinetic hypertension modified the usual signs of A.S.D. to a much less degree. The pul- 
monary systolic murmur was always present and often loud, splitting of the second sound was 
usually obvious, and a pulmonary diastolic murmur was never heard, whereas the tricuspid diastolic 
murmur was always present. An over-active right ventricle and loud pulmonary valve closure often 
provided the only clinical evidence of hyperkinetic pulmonary hypertension. 

Phonocardiograms were recorded in 20 patients and confirmed the clinical evaluation of the sp'it 
second sound. The widest splitting clinically measured 0-06 sec. on the phonocardiogram, ard 
this only occurred in 4 patients, none of whom had obstructive hypertension. Besides the murmt rs 
mentioned, a mitral systolic murmur was heard in one case with a primum defect, a tricuspid systo ic 
in those with gross heart failure, and a mitral diastolic in those with Lutembacher’s syndrome. 


CARDIAC CATHETERIZATION 


Thirty-five patients were catheterized and the relevant data are summarized in Table V. Te 
pulmonary systolic pressure was raised to systemic level or higher in only 5 of 25 with obstructi /e 
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TABLE V 
CATHETER FINDINGS IN 35 PATIENTS 





Lutembacher 
3-5/1 
3/1 to 4/1 





| 

Obstructive Hyperkinetic 
| 
| 


P :lmonary|systemic flow ratio (average) .. sn 1-35/1 4/1 








P ‘Imonary vascular resistance 


‘s - » » @mem . ..| Soest | 2-5/1 to 7-5/1 
| 
Dynes sec./cm.~5 oy ss ie oa 1024 | 


248 240 








0" ee ee eee 5-38 | 2-5-4-4 2-5-4-0 





F monary blocd flow 


(I./min.) (average) me a te ee 4-6 13-4 12-0 





(/min.)(range).. 9 .. ww | 15-8-6 | 9-0-20-4 10-4-13-2 


77/125 
4«terial O2 saturation (average) .. a re 85% | 93% 95% 





F :lmonary/systemic systolic pressure (average) .. | 91/111 | 65/117 


| 
| 
| 
| 
Units (average) .. are fe ee a | 12:8 | 3-1 | 3-0 
| 
| 
| 








hypertension. The average pulmonary pressures were lower in the hyperkinetic than in the 
o structive group, but a wide range was found. Significant arterial oxygen desaturation, due to 
a bidirectional or reversed shunt, was found only in the obstructive cases. 

In patients with a high resistance, the severity of the dyspnoea increased pari passu with a diminu- 
tion or reversal of the left-to-right shunt, as shown in Table VI. Syncope occurred only in patients 
with a small, balanced, or reversed shunt, but anginal pain was not obviously related to the hemo- 
dynamic findings. The average systemic blood flow of 3-7 1./min. in the cases with pain was lower 
than the level of 5-3 1./min. found in the patients with syncope, but the significance of this difference 
is doubtful in such a small series. 

TABLE VI 
SYMPTOMS RELATED TO CATHETER DATA IN OBSTRUCTIVE PULMONARY HYPERTENSION 





Pulmonary/ 
systemic Arterial O2 | No. of cases 
blood flows percentage | 








Dyspnoea (Grade 1-2) .. me 1-7/1 88% 





Dyspnoea (Grade 3) — - 1-3/1 84% 





Dyspnea (Grade 4) ts 4 1-1/1 82% 





es) 0-9/1 87% 





Ischemic pain .. ay eat 1-5/1 89% 





Of the physical signs in obstructive hypertension, tricuspid diastolic murmurs occurred only in 
4 patients with an average flow ratio of 2 to 1. The murmur was present in all the hyperkinetic 
and Lutembacher cases, in which an increased pulmonary flow was invariably present. Pulmonary 
Cciastolic murmurs were found only in those with severe hypertension and an average resistance of 
18 units. 
RADIOLOGY 


The heart size varied greatly but on average it was smaller in the obstructive than in the other 
groups (Table VII). The radiological pattern of the pulmonary vasculature in A.S.D. cannot 
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TABLE VII 
CARDIO-THORACIC RATIOS IN A.S.D. wiITH PULMONARY HYPERTENSION 





| 


Obstructive Hyperkinetic | Lutembacher 





Average aa an 61% 3% 76% 





Range ig ge 42-82% | 53-85% | 66-84% 





always be relied on to distinguish between obstructive and hyperkinetic hypertension, thoug: 
extreme degrees can readily be differentiated. In this respect fluoroscopy may be more informative. 
Excessive pulsation of the right ventricle and pulmonary vessels suggests a large pulmonary flow an! 
a low vascular resistance, whereas a quiet heart with little arterial pulsation suggests a relativel 
small flow and a high resistance. 


PULMONARY ARTERIAL THROMBOSIS 


This was diagnosed in 10 patients, all with obstructive hypertension. Four had calcification 
of a main pulmonary artery and another four presented angiocardiographic evidence of throm- 
bosis, the diagnosis being confirmed at necropsy in two of them (Fig. 1 and 2). In the remain- 

ing two patients, pulmonary thrombosis occurred 
as a terminal complication after operation. 
Thrombosis developed during an acute respira- 
tory infection in 5 patients, in 2 of whom it 
proved fatal, but one has survived it for 12 years. 

Thrombosis of a main pulmonary artery was 
described as a complication of A.S.D. by Bedford 
et al. (1941). More recently it has been empha- 
sized as important in cases with pulmonary 
hypertension by Dexter (1956) and by Campbell 
et al. (1957) who found it in four such cases at 
necropsy. 


ELECTROCARDIOGRAM 


Of 31 cases in sinus rhythm, a P pulmonale 
(3 mm. or more in amplitude) was present in 10, 
including 9 obstructive and | hyperkinetic. 

Right axis deviation and a vertical position 
were present in all cases except the 3 with ostium 
primum defects. The AQRS in cases without 
complete right bundle-branch block showed a 


difference between the obstructive and hyper- 


Fic. 1.—Bilateral calcification of pulmonary arteries kinetic groups. In a majority of the obstructiv.: 


due to thrombosis. group the electrical axis fell within sextant 4 o° 


the triaxial system (+ 120° to +180°), whereas ii 
most of the hyperkinetic group it fell in sextant 5 (+60° to +120°) like the cases with norma 
pressures (Table VIII). Complete right bundle-branch block was present in 13: in the remainder, th 
different patterns seen in lead V1 appear to indicate no more than positional differences in the presenc 
of right ventricular hypertrophy (Fig. 3). The frequency of these patterns is shown in Table 
and it can be seen that there is no correlation between any one pattern and the right ventricula 
systolic pressure. Likewise, the duration of the intrinsicoid deflection in lead V1 showed n 





correl: 
tatios 

appear 
pressu: 
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2.—Necropsy specimen from same case as Fig. 1, showing massive thrombosis with calcification in right pulmonary artery. Right 
atrium opened to show A.S.D. 


TABLE VIII 
ELECTRICAL AXIS IN FOSSA-OVALIS DEFECTS WITHOUT COMPLETE RIGHT B.B.B. 


Obstructive Hyperkinetic ASD without 
pulmonary hypertension pulmonary hypertension pulmonary hypertension 











correlation with the degree of hypertension. There was no significant difference between the R/S 
ratios in leads V1 and V6 in the obstructive and hyperkinetic groups, but the R/S ratio in V1 
appeared to be of some value in distinguishing between A.S.D. with normal, and A.S.D. with raised 
pressures. Inversion of the T waves extending from lead V1 to V5 or V6 was present in 75 per cent of 
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all cases without complete right bundle-branch block, and in 80 per cent of those with it. Tris the s 
pattern is therefore of value in the diagnosis of pulmonary hypertension but does not help to separate patie 


the obstructive from the hyperkinetic variety. , mona 
the e2 


and t 


of atr’ 
ar ur 
ve 10U 
fo ind 


TI 


Fic. 3.—(a) Four different patterns of QRS observed in lead V1. (b) Leads V1-V4 from one patient with 
obstructive hypertension, showing T inversion. 


TABLE IX 
VENTRICULAR COMPLEXES IN V1 





~~ Pattern in V1 
Th 


| resista 

with L 
| to 4-5 
| 











Obstructive group 





syndro 
Int 
‘Ge | A-V ca 
83 z= defects 
acute | 
resistal 
LUTEMBACHER’S SYNDROME origina 

The pulmonary arterial pressure is usually above the normal limits in Lutembacher’s syndrome 

and it exceeded 50 mm. systolic in almost half of all cases corrected surgically at the Middlesex 
Hospital (Table XI). The usual hemodynamic pattern is a much increased pulmonary flow. a At 
slightly raised pulmonary vascular resistance, and hyperkinetic pulmonary hypertension. Of the ae 
four cases in this series, three were classed as hyperkinetic and one, not catheterized, was placed in include 
the obstructive group on grounds of terminal central cyanosis and of histological changes found in 


Hyperkinetic group .. 











Lutembacher group .. 





78 





| 
| 
| 
| 
| 
| 


| 
| 
| 


Average R.V.P.mm.Hg .. a 90 








hyperk 
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the small pulmonary vessels at necropsy. Nevertheless, when seen two years before death, this 
patient was acyanotic and presented a gross hilar dance at radioscopy, indicating an excessive pul- 
monary flow and large shunt, so that the hypertension had almost certainly been hyperkinetic in 
the earlier stages. In the presence of a large A.S.D., mitral stenosis must tend to restrict the systemic 
and to increase the pulmonary flow, and in the three patients catheterized the pulmonary to systemic 
flcw ratio averaged 3-5 to 1, the vascular resistance averaging 3 units. 

The Lutembacher cases have been considered separately because they presented certain special 
clinical features. They were all aged over 30, their hearts were larger than those in the other groups, 
ard all had atrial fibrillation and congestive failure. Cardiac symptoms developed later than in 
otiers, but once they appeared deterioration was rapid so that the patients were all severely 
di abled within 5 years. 

In regard to clinical diagnosis, auscultatory signs of mitral stenosis were minimal and it was 
di ficult to distinguish between the mitral diastolic murmur and the usual tricuspid diastolic murmur 
of atrial septal defect with a large pulmonary flow. When a patient aged over 30 with A.S.D. has 
ar. unusually large heart, an excessive pulmonary flow, pulmonary hypertension, a raised jugular 
ve 10us pressure, and atrial fibrillation, mitral stenosis may be suspected but will not always be 
fo ind at operation. 


DEATHS 


Thirteen patients have died and the age at death is shown in Table X. Causes of death included 
preumonia in 3, infection with pulmonary artery thrombosis in 2, congestive failure in 1 (during 
pr2gnancy), and operation in 6. One patient died suddenly at home from an unknown cause, no 
necropsy being obtained. In the non-surgical deaths the duration of symptoms ranged from | to 
19 years with an average of 8 years. 


TABLE X 
DEATHS IN A.S.D. WITH PULMONARY HYPERTENSION 





Total Average Range Operative 
age of age deaths 





47 
ad 


46-48 z 
41-46 2 


Hyperkinetic group 
Lutembacher group 








Obstructive group es es = | 39 | 9-63 2 





The six surgical deaths included one patient operated on elsewhere with a pulmonary vascular 
resistance of 9 units, one with a common A-V canal, two with hyperkinetic hypertension, and two 
with Lutembacher’s syndrome. The last four were all aged over 40, with vascular resistances of 2-5 
to 4:5 units. Six patients with hyperkinetic hypertension, including one with Lutembacher’s 
syndrome, had successful operations despite gross cardiac enlargement. 

In the 12 necropsies, three had superior caval defects (one with mitral stenosis) ; two had a common 
A-V canal, including one, aged 44, with a large inferior caval defect; and 6 had central fossa-ovalis 
defects (2 with mitral stenosis). Pulmonary thrombosis was present in two patients dying during an 
acute respiratory infection and in three surgical deaths. Of the latter, one had a high vascular 
resistance of 9 units, one had a small aneurysm of the left pulmonary artery where thrombosis 
originated, and one had Lutembacher’s syndrome. 


OPERATION IN A.S.D. WITH PULMONARY HYPERTENSION 


At the time of this investigation, 150 patients with A.S.D. had been operated on under hypo- 
thermia by Mr. Holmes Sellors and his colleagues at the Middlesex Hospital (Table XI), and these 
included 14 with pulmonary hypertension exceeding 50 mm. Hg systolic. There were 8 with 
hyperkinetic hypertension with 2 deaths, and 6 with Lutembacher’s syndrome with 2 deaths. In 
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TABLE XI 
150 PATIENTS WITH A.S.D. TREATED SURGICALLY 





























137 patients without mitral stenosis | Number Deaths 
With normal pressure Ee | 101 0 
P.A.P. 30-49 mm. ++ | 28 3 
P.A.P. 50 mm.+ | 8 2 

13 patients with Lutembacher’s syndrome | 
With normal pressure .. a ae | 2 | 0 
P.A.P. 30-49 mm. | 5 | 0 
P.A.P. 50 mm.+ 6 2 





the 14 patients, the A.S.D. was large in 5, of moderate size in 6, and small in 3, two of which were 
superior caval defects. Those with obstructive hypertension were excluded from operation under 
hypothermia, and the only patient in this series operated on elsewhere, died at operation. 

Re-catheterization a year or more after operation has been done in 4 hypertensive patients. In 3 
hyperkinetic patients the average pulmonary systolic pressure fell from 66 to 20 mm. Hg, but the 
vascular resistance altered little, the average falling from 2-7 to 2-1 units. In the remaining patient 
with mitral stenosis, in whom a valvotomy was also performed, the P.A. pressure fell from 75 to 
60 mm. Hg, whereas the vascular resistance rose from 3-5 to 5 units. 


THE AETIOLOGY OF PULMONARY HYPERTENSION IN ATRIAL SEPTAL DEFECT 


Dexter (1956) maintained that in secundum defects pulmonary hypertension is always acquired, 
and both Wood (1958) and Burchell (1958) found that it is less frequent and fater in onset in 
A.S.D. than in ventricular septal defect and in patent ductus arteriosus. They believe, like Swan 
(1959), that pulmonary hypertension is acquired in A.S.D., but congenital in V.S.D., and P.D.A. 
Burchell suggested that, in congenital pulmonary hypertension, the heart is small compared with the 
large heart of acquired hypertension secondary to an increased pulmonary flow. Wood (1958) 
noticed that in the Eisenmenger syndrome gross cardiac enlargement was more than twice as 
common in those with A.S.D. as in those with ventricular or aorto-pulmonary shunts. 

In order to investigate the question of a congenital or acquired origin of pulmonary hypertension 
in A.S.D., 13 cases of obstructive hypertension with relatively small hearts (c.t.r. less than 60 
per cent) have been compared with 15 cases with relatively large hearts (c.t.r. exceeding 60 per cent) 
(see Table XII). Those with small hearts were on the average younger, had higher vascular resis- 
tances and smaller shunts than those with larger hearts. The younger average age in those with 
small hearts was due in part to the inclusion of 3 children aged 8-16 years, two being brother and 
sister. These differences, and the familial incidence, support the conception that, in some cases of 
A.S.D. pulmonary hypertension is congenital. Another possible explanation is that some of these 
cases actually have primary pulmonary hypertension, and that the A.S.D. is incidental or meré ly 
a widely patent foramen ovale. The average duration of symptoms before death in primary 
pulmonary hypertension is only 24 years (Evans et al., 1957), whereas it is much longer in A.S. ). 
with pulmonary hypertension (10 years in this series) but this could be explained by the benefic al 
safety valve action of the A.S.D. 

In the majority of cases of A.S.D., pulmonary hypertension is certainly acquired, and probal ly 
follows hyperkinetic hypertension. Burchell has reported one example in which the vascu ar 
resistance increased from 200 to 1700 dynes sec./cm.-5 over 10 years, and Dexter has publish :d 
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TABLE XII 


COMPARISON OF FINDINGS IN CASES OF OBSTRUCTIVE HYPERTENSION WITH CARDIO-THORACIC RATIOS OF LESS THAN 
60 PER CENT WITH THOSE IN CASES WITH LARGER HEARTS 











Pulmonary/ | Cardio- | 
No. of systemic | P.V.R. | thoracic Age 
cases blood flows (units) ratio | 
“ardio-thoracic ratio <60°% 13 0-9/1-0 16 | 52% 30 
| (8-58) 
“ardio-thoracic ratio >60°% a 15 1-6/1-0 | 10 | 67% | 43 
| | (30-67) 





s milar observations. Hyperkinetic pulmonary hypertension may persist for many years without 
increasing the vascular resistance, as in two patients aged 70 reported by Kelly (1958), but in some 
tie resistance increases and obstuctive hypertension develops. Sometimes this is due to pulmonary 
tirombosis, and Dexter (1959) suggests that a high output may eventually lead to right ventricular 
fiilure with reduced output and stagnant pulmonary thrombosis. 

Respiratory infection plays an important part in the pulmonary hypertension of chronic lung 
cisease, and the same may well apply to A.S.D., in which pulmonary thrombosis is often related to 
infection. In 13 patients with obstructive hypertension and a long history of recurrent bronchitis 
and pneumonia, the average cardio-thoracic ratio was 67 per cent, whereas in 13 with no such 
history of lung infection, the average ratio was 56 per cent. This suggests that in those with large 
hearts pulmonary hypertension is acquired and may be associated with lung infection, whereas in those 
with small hearts the hypertension is congenital and unrelated to infection. 

Wood (1958) has suggested that, in cases of A.S.D. with normal pulmonary arterial pressures, 
the high resistance foetal pattern of pulmonary vasculature has evoluted completely to the low 
resistance adult type, whereas in those with hyperkinetic hypertension this evolution has been less 
complete. This would account for the slightly raised vascular resistance usually found in hyper- 
kinetic hypertension. Similarly, congenital pulmonary hypertension in A.S.D. could be explained 
by a more complete persistence of the foetal type of vasculature. 

Thus in A.S.D. we may envisage the pulmonary vascular resistance behaving in four ways. 

(1) It may remain normal despite a high flow. 

(2) It may be slightly raised from birth, resulting in hyperkinetic hypertension which persists 
unchanged. 

(3) In some cases of hyperkinetic hypertension, the resistance may increase with advancing age, 
and result in acquired obstructive hypertension. Respiratory infection and thrombosis may be 
factors in increasing the resistance. 

(4) It may remain high from birth owing to a persistence of the foetal pattern of pulmonary 
vasculature. In such cases, pulmonary hypertension is congenital, and at least 10 per cent of the 
obstructive group in this series are probably explained in this way. 


SUMMARY AND CONCLUSIONS 


Forty-one patients with atrial septal defect complicated by significant pulmonary hypertension 
have been investigated. The hypertension was classed as obstructive when the pulmonary vascular 
resistance exceeded 5 units (400 dynes sec./cm.~5) or when there was central cyanosis with a reversed 
atrial shunt: it was classed as hyperkinetic when the resistance was below 5 units and the pulmonary 
flow much increased. Pulmonary hypertension complicating Lutembacher’s syndrome, though 
usually hyperkinetic, has been separately considered. 

The overall incidence of pulmonary hypertension in 225 patients with A.S,D. was 16 per cent, 
but it was far more frequent in superior caval defects, in primum defects with common A-V canal, 
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and in Lutembacher’s syndrome than in ordinary fossa-ovalis defects. Female predominance wa; 
twice as great in A.S.D. with pulmonary hypertension as in A.S.D. as a whole. 

Anginal pain, effort syncope, central cyanosis,and pulmonary regurgitation were only encountere 
in obstructive hypertension which modified the usual clinical signs of A.S.D. in a characteristi 
way. In both types of pulmonary hypertension, the electrocardiogram usually showed inversion c ° 
the T waves in the chest leads from leads V1 to V5 or even V6. The pattern of QRS in V1 was nc 
characteristic, but the R/S ratios in V1 and V6 were of some value in the diagnosis of pulmonazi ' 
hypertension. 

Surgical closure of the A.S.D. was performed in 14 patients with hyperkinetic pulmonar, 
hypertension, including 6 with Lutembacher’s syndrome, with 4 deaths. Patients with obstructiv > 
hypertension were excluded from operation under hypothermia. 

The etiology of pulmonary hypertension in A.S.D. has been discussed. In about 10 per cert 
of such patients, obstructive hypertension is probably congenital and due to a persistence of the 
foetal type of pulmonary vasculature: in these, the heart is relatively small. In the majority, 
obstructive pulmonary hypertension is probably acquired and follows hyperkinetic hypertensio1.. 
Pulmonary thrombosis and recurrent respiratory infection are probably factors in provoking 
acquired pulmonary hypertension of the obstructive kind. The heart is much larger in the acquired 
than in the congenital form of pulmonary hypertension and the largest hearts occur in Lutembacher s 
syndrome. 


I am most grateful for the invaluable help, advice, and encouragement given to me by Dr. D. Evan Bedford and 
Dr. W. Somerville in the preparation of this paper. 
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While some 37 cases of cor triatriatum have now been reported (Niwayama, 1960) only two 
cises of triventricular hearts have been recorded, both recently, and we think it of some interest to 
r port two further cases of this anomaly seen by us in a three-year period (1957-1959). 


CASE REPORTS 


Case 1. A boy, aged 6 years, was admitted 
to hospital for the first time with early congestive 
cardiac failure, severe orthopnoea, cyanosis and 
gross clubbing of the fingers and toes. The heart 
was enlarged clinically and a systolic murmur 
was heard over the entire precordium. Radio- 
graphy of the chest showed a grossly enlarged 
heart with reduced pulmonary vascularity 
(Fig. 1). Hb. was 14-0 g. per 100 ml., R.B.C. 
6,000,000 per cu. mm., and E.S.R. (Westergren) 
1 mm./hr. Despite treatment for the cardiac 
failure, the child’s condition rapidly deteriorated 
and he died four days after admission. 

Autopsy Findings. The heart was grossly en- 
larged, due mainly to right ventricular hyper- 
trophy and dilatation, but also to slight left 
ventricular hypertrophy. The venous return to 
the right atrium was normal and the foramen 
ovale was anatomically patent but physiologically 
closed by the normal valve. The right atrium 
was dilated and communicated normally with the 
right ventricle through the tricuspid orifice which 
was widely patent. The wall of the right ventricle 
was 10 mm. thick, and it communicated by means 





Fic. 1.—Case 1. Gross cardiac enlargement and reduced 
pulmonary vascularity. 


of a narrow opening (4 mm. long, 3 mm. wide) with a small accessory or infundibular ventricle situated in 
an antero-superior position to the main right ventricle. This accessory chamber (or infundibular ventricle) 
was 40 mm. long, its wall 10 mm. thick, and the pulmonary trunk arose from it (Fig. 2). The pulmonary 
valve was bicuspid and a mild degree of valvular stenosis was present with slight post-stenotic dilatation. 
The left atrium was considerably smaller than the right atrium and received blood by the pulmonary veins 
in the usual way. It communicated normally with the left ventricle which was moderately hypertrophied 
(wall 8 mm. thick). A high interventricular septal defect was present, the foramen being 8 mm. by 6 mm. 
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The aorta arose directly above this defect, and overrode both proper ventricular cavities. The aortic 
valve had three cusps and the ductus arteriosus was closed. While the post-mortem appearances of the othe: 
viscera indicated congestive cardiac failure, the lungs were pale and avascular. 








Fic. 2.—Case 1. Infundibular ventricle with the pul- Fic. 3.—Case 2. The upper probe passes through the 
monary trunk rising from it. The probe is in ventricular septal defect. The lower-probe is in the 
the ostium infundibuli. ostium infundibuli. 


Case 2. A girl, aged 3 years 10 months, had been dyspneeic since birth and had been attending hospital 
from the age of one. From the first examination gross cyanosis and clubbing of the fingers and toes were 
noted. A systolic murmur was usually audible over the precordium but on occasions was entirely absent. 
Radiography of the chest showed slight cardiac enlargement with clear lung fields. Hb. was 16:3 g. per 
100 ml., W.B.C. 10,500 per cu. mm., and E.S.R. (Westergren) 1 mm./hr. The child went into cardiac 
failure and died rapidly despite all resuscitative measures. 

Autopsy Findings. Apart from minor differences, the autopsy findings were the same as those described 
for Case 1. In this case the foramen ovale was entirely closed; the right ventricle was hypertrophied (wall 
9 mm. thick) and communicated through a small opening (3 mm. long by 2 mm. wide) with a small antero- 
superior accessory chamber (30 mm. long, and 5 mm. thick). From this chamber the pulmonary trunk 
arose, and the pulmonary valve was again bicuspid. No pulmonary valve stenosis was present. The left 
atrium communicated normally with the left ventricle and there was a high interventricular septal defect 
(10 mm. by 8 mm.). The aorta was overriding the defect but appeared to take origin mainly from the right 
ventricle proper (Fig. 3 and 4). As in case 1 the aortic valve was normal and the ductus arteriosus closed. 
There was some evidence of early congestive cardiac failure, but this was not as marked as in the previous 
case. 


DISCUSSION 


A search for earlier reports of cases with defects similar to those observed by us revealed only 
two (Brodie, 1945; Hakkila and Hakkila, i954). In Brodie’s case which died at the age of one year, 
there was an accessory ventricle communicating with the right ventricle through a narrow opening 
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Fic. 4.—Case 2. The overriding aorta rises mainly from the right ventricle. 
The probe passes through the ventricular septal defect. 


(5 mm. in diameter), and the aorta arose from the right ventricle. No pulmonary stenosis was 
present. This case was designated cor biatrium triloculare, but this appears wrong to us as sucha 
naine implies a common ventricle with two atria. The term cor triventriculare was apparently 
the first used by Hakkila and Hakkila (1954) and this name obviously describes the anatomy of the 
the defect accurately. Their patient died at the age of 32; three ventricles were present, but the opening 
from the accessory ventricle to the right ventricle was large (15 mm. by 10 mm.), and an infundibular 
pulmonary stenosis was present with complete dextroposition of the aorta and a ventricular septal 
defect. In our cases, and in the other two cited, the pulmonary valve was bicuspid. The basic 





= | abnormality in all of them is obviously the same, the particularly remarkable feature being the 
at presence of an accessory or infundibular ventricle. In all the patients there was some degree of 
per | dextroposition of the aorta with a high ventricular septal defect. 
diac In considering the circulation of the blood through the heart in our two cases, it is easy to under- 
stand the reasons for the profound cyanosis and dyspnea. Blood entering the right ventricle could 
ibed only reach the lungs through the narrow opening into the accessory ventricle with resultant massive 
wall right ventricular hypertrophy. Some escape of venous blood into the systemic circulation must have 
€ro- occurred through the overriding aorta by virtue of the high pressure developed in the main right 
‘unk ventricle. Oxygenated blood returning to the left heart may also have become mixed with venous 
sss blood in the right ventricle through the ventricular septal defect, and a further mixing might have 
ight & occurred in Case 1 in which the foramen ovale was still not anatomically closed. In Case 2 in 
eed. which the aorta arose almost completely from the right ventricle, more venous blood must have 
ious entered the systemic circulation than in Case 1 in which the aorta overrode both ventricles. 
It should be noted, however, that it is not always easy to determine accurately at autopsy the degree 
| of aortic override, and the only accurate method of deciding this appears to be selective angio- 
| cardiography during life (Keith, Rowe, and Vlad, 1958). 
only [The basic defect in cor triventriculare would seem to be a disturbance in the absorption and fate 
rear, | Of the bulbus cordis in its formation of the right ventricle. Normally at the fifth to sixth intrauterine 


| week the bulbus cordis divides into the infundibulum and aortic vestibule, the former being separated 
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from the right ventricle proper by ridges of mesenchymal tissue. As the pulmonary and aor ic 
valves are being formed, absorption of excess mesenchymal tissue occurs, so that by the seventh we :k 
the constriction between the lower end of the infundibulum and right ventricle has begun to disappe ar 
and finally it remains only as the infundibulo-ventricular crest (crista supraventricularis). In cdr 
triventriculare it is suggested that there is a failure in the absorption of the mesenchymal tiss 1e 
leading to a permanent and abnormal partition between the right ventricle and infundibulum, tie 
latter becoming in fact an accessory ventricle, and only communicating with the right ventri le 
proper by means of a narrow opening in the infundibulo-ventricular crest (ostium infundibuli). 

The principal defect in cor triventriculare can therefore be considered to be a severe form of 
infundibular stenosis, and as such these cases are in fact a rare type of Fallot’s tetralogy. As in 
Fallot’s tetralogy the other anomalies that are present, dextroposition of the aorta and a hizh 
ventricular septal defect, can be explained by abnormalities of the septation and absorption of ‘he 
bulbus cordis. 

Keith (1909) studied in detail the various types of infundibular stenosis, and stres:ed 
the importance of malabsorption of the bulbus cordis in the genesis of the different anomalies. le 
described three cases of subdivision of the right ventricle similar to those seen by us. He commenied 
further that where the size of the ostium infundibuli is only 2-4 mm. in diameter, the patient dies 
early in life, while if the opening is wide (6-15 mm.), the patient often survives to adult life. While 
not many cases of this type of infundibular stenosis have been described, it is possible that the con- 
dition is not as rare as may be supposed. 


SUMMARY 


Two unusual cases of triventricular hearts are described in which the right ventricle is partitioned 
into two chambers, the smaller of which is placed antero-superiorly and gives off the pulmonary 
trunk. Other anomalies present are high interventricular septal defect, overriding aorta and bicus- 
pid pulmonary valves. Only a few cases of this anomaly appear to have been described. The 
possible pathogenesis is discussed and its relationship to Fallot’s tetralogy is considered. 


We are grateful to Professor Harper, of the University College of the West Indies for helpful suggestions and 
criticisms relating to the embryology of the two cases; also to Dr. Maurice Lev, of the Congenital Heart Disease 
Research and Training Center in Chicago, for reviewing photographs of these patients, and helpful suggestions as 
to their correct designation. 
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CASE REPORT 


FAMILIAL PATENT DUCTUS ARTERIOSUS 
BY 


DAVID BURMAN 


From Charing Cross Hospital 


Patent ductus arteriosus is one of the commoner congenital cardiac anomalies that occur in more 
than one member of a family. Carleton et al. (1958) found 41 families, reported between 1941 
aid 1958, with two or more members suffering from the same congenital heart disease: in 
1° instances, the lesion was a persistent ductus. Kjaerjard (1946) and Joyce and O’Toole 
(1954) each reported three siblings affected and patent ductus has been found in two generations 
(\/alker, 1951; Record and McKeown, 1953; Starer, 1953; Nadas, 1957). Walker and Ellis 
(1940-1) described a family in which the father and 4 of his 8 children were affected, and Taussig 
(1947) mentioned a family where the father, two of his three children, and one of his two grand- 
children all showed unmistakable evidence of a patent ductus. 

This case is briefly described because the family history helped to make the correct clinical 
diagnosis in infancy before the development of a typical continuous murmur. 


Case History 


This girl was the first child of Irish parents, born after a normal pregnancy lasting 42 weeks. The 
delivery was normal and her birth weight was 6 pounds 8 ounces. On the fifth day of life the infant vomited 
and had slight central cyanosis. A loud systolic murmur was heard over the base of the heart. 

At the age of four months she was admitted to Charing Cross Hospital because she was breathless after 
bathing and feeding. She now weighed 13 pounds 13 ounces and was breathless at rest with intercostal 
recession and a respiratory rate of 64a minute. The liver was palpable 4 cm. below the costal margin and 
the spleen was just palpable. There were no rales in the chest and no peripheral edema. The pulse was 
128 a minute and was of increased volume in both the arms and legs. There was a harsh crackling pan- 
systolic murmur with a crescendo in late systole. This murmur, which was accompanied by a thrill, was 
heard best at the third left interspace but radiated widely and was audible in the interscapular region. The 
second heart sound was loud but not abnormally split. An X-ray showed a large heart due mainly to left 
ventricular enlargement, a dilated pulmonary artery, and pulmonary plethora. The electrocardiogram 
showed the pattern of left ventricular hypertrophy. 

The cardiac failure was treated with digitalis and there was dramatic improvement. At the age of 5 
months, an early diastolic diminuendo murmur was also heard in the third left interspace. At 6 months of 
age a classical machinery (Gibson) murmur was heard. 


Family History 


The father of this patient and two of the father’s sisters have all had operations for patent ductus 
arteriosus; another sister died in infancy with whooping cough, and there was one stillbirth. The 
paternal grandmother died, aged 48, with dropsy, which was thought to be due to mitral stenosis 
but no autopsy was performed. The paternal grandfather had been previously married; 5 of the 
6 children of his first marriage had no heart disease, but the sixth died at the age of 37 of a strained 
heart muscle after serving in the Irish Army. 
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Comment 


At the age of four months when only a systolic murmur was audible, the diagnosis of pate: t 
ductus arteriosus was suspected because of the increased pulse pressure, the left ventricular hype - 
trophy, the character of the murmur, and the family history. Dammann and Sell (1952) howeve 
found an increased pulse pressure in subjects who were eventually proved to have a ventricul 
septal defect. Ziegler (1952) observed left ventricular hypertrophy in 4 of 5 infants under the a; 
of six months with patent ductus arteriosus, but it may occur in ventricular septal defect al: 
(Keith et a/., 1958). The murmur was pansystolic with a crescendo in late systole and maximal 
the third left intercostal space: it was similar to the ductus murmur detected by Burnard (1958) 
some newborn infants. The crackling quality of the systolic murmur due to a patent ductus n 
infancy has been emphasized by Keith et a/. (1958) and the murmur in the infant described he e 
was thought to have this crackling quality before its significance was known. A harsh pansystol:c 
murmur maximal in the third left interspace and accompanied by a thrill is often heard in patients 
with ventricular septal defect. 

Although at four months this patient had many of the features of a persistent ductus in infancy 
observed by Zeigler (1952), the differentiation from ventricular septal defect was made mainly on 
the character of the murmur and the family history. The family history was particularly striking in 
this child for her father and two of his sisters had each had an operation for patent ductus. This 
diagnosis now appears to be correct but the family history may be misleading, as Campbell (1949) 
has described a woman with patent ductus whose daughter had coarctation of the aorta. Also 
Record and McKeown (1953) found that 7 of 150 fraternities containing a patent ductus had other 
siblings with congenital heart disease but only one of these seven was another case of patent ductus. 


Se5 POW F&F ~* 


I am grateful to Dr. A. Doyne Bell for permission to publish this case and to Dr. R. A. Parkins for helpful criticism. 


References 


Burnard, E. D. (1958). Brit. med. J., 1, 806. 

Campbell, M. (1949). Quart. J. Med., 18, 379. 

Carleton, R. A., Abelmann, W. H., and Hancock, E. W. (1958). New Engl. J. Med., 259, 1237. 

Dammann, J. F., Jr., and Sell, C. G. R. (1952). Circulation, 6, 110. 

Joyce, J. C., and O’Toole, S. P. (1954). Brit. med. J., 1, 1241. 

Keith, J. D., Rowe, R. D., and Vlad, P. (1958). Heart Disease in Infancy and Childhood. Macmillan, New York. 
pp. 140 and 226. 

Kjaergaard, H. (1946). Acta med. Scand., 125, 339. 

Nadas, A. S. (1957). Pediatric Cardiology. WW. B. Saunders, Philadelphia and London. p. 343. 

Record, R. G., and McKeown, T. (1953). Brit. Heart J., 15, 376. 

Starer, F. (1953). Brit. med. J., 1, 971. 

Taussig, H. B. (1947). Congenital Malformations of the Heart. The Commonwealth Fund, New York. P. 8 

Walker, G C, and Ellis, R B (1940-1) Proc. New Engl. Heart Ass., p. 26. (Quoted by Taussig, 1947). 

Walker R. M. (1951). Bristol med. chir. J., 68, 133. 

Ziegler, R. F. (1952). Amer. Heart J., 43, 533. — 





















its V; 
fui c 
ob ic 
th: t 
un de 
whic 
them 
latio 
diffe: 
and 1 

P 
since 
invol 
inti 
prim 
press 
hype 

P 
betw 
repo! 
1947 
times 
numl 
cause 


cases 
right 





iter t 
/pe - 
EVE *, 
bul. r 
sae 
al:o 
al n 
8) n 
Is n 
hee 
tol ic 
ienis 


ancy 
y on 
ng in 
This 
1949) 
Also 
other 
ctus. 


icism. 


York. 





i 


7] 








PRIMARY PULMONARY HYPERTENSION IN CHILDHOOD 


BY 


J. F. FARRAR,* R. D. K. REYE, AND DOUGLAS STUCKEY 


Fr. n the Adolf Basser Institute of Cardiology and the Institute of Pathology, Royal Alexandra Hospital for Children, 
Sydney, Australia 


Received January 5, 1961 


Despite the intensive study that has followed early discoveries, pulmonary hypertension in 
its various aspects continues to be a problem in clinical medicine. The means by which certain 
fu: ctional or structural changes occur in the lung and increase its resistance to blood flow remain 
ot cure. It is true that these changes may be studied in histological detail at autopsy but the part 
th: t they play in the living organ is difficult to define. This is especially true of cases classified 
unier the heading of primary pulmonary hypertension, in which traditionally are listed the cases 
wl ich we know least about, and which therefore remain etiologically indistinguishable among 
themselves. In the absence of a large communication between the pulmonary and systemic circu- 
lat.ons to invite surgical repair or to produce cyanosis, the symptomatology and causes of death are 
different from the Eisenmenger group of pulmonary hypertension. Very high pulmonary pressures 
and resistances are required to produce symptoms and signs. 

Primary pulmonary hypertension is listed in a special category of Wood’s classification (1956), 
since the obliterative, vasoconstrictive, or reactive lesions according to this classification may be 
involved. Obliterative lesions, however, are almost always to be found, and may be produced by 
intimal hyperplasia of small pulmonary vessels, thrombosis, or arteritis. Thrombosis may be 
primary or secondary to changes that occur in the vessel wall following inflammation or high 
pressure. A result of the latter may be vasoconstriction, and from this may follow muscular 
hypertrophy in varying degree. 

Primary pulmonary hypertension, as usually described, occurs predominantly in young women 
between the ages of twenty and forty, although cases of most ages and of both sexes have been 


reported. (Berthrong and Cochran, 1955; Brenner, 1935; Chapman et al/., 1957; Cross and Kobayshi, 


1947; Wade and Ball, 1957; Fleming, 1960; and Okuyama, 1958). The disease is about three 
times as common in women. It was surprising, therefore, to observe over a short period of time a 
number of cases of right ventricular hypertrophy in infants and children in the absence of known 
causes. The group under discussion occurred in later childhood, in distinction from a group of five 
cases in new-born children observed by ourselves, who died with right ventricular hypertrophy and 
right heart failure without any obvious cause, even in the lung structure. 


MATERIAL 
Four patients aged four to nine years were observed. In three of them the illness had a rapid 


_ course ending in death in less than one year, in keeping with the findings in the younger patients of 


Evans et al. (1957). Another patient fulfils the clinical criteria of primary pulmonary hypertension, 


| but has maintained reasonable health over a period of three years. The three patients who died 


had presented within a period of two months and autopsy was performed in each of these. 


* Research Fellow, Children’s Medical Research Foundation, Sydney. 
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CLINICAL FEATURES to 


The presenting symptoms were syncope on effort, cardiac pain, ordyspneea. In two of the cas +s su 
the sudden onset of symptoms had been preceded by a vague febrile illness some weeks previous y 
and, in one of these, a similar minor illness was suffered by two other members of the same family 
at about the same time. Apart from this feature, there was no serious similar illness in the family 
histories in contrast to the cases of Coleman et al. (1959) and Fleming (1960). 

The findings on physical examination in these patients with pulmonary hypertension were simil ir 
in most respects to the adult group, except that the jugular venous “‘a”’ wave was not seen so pron i- 
nently, venous pressure in children being clinically more difficult to determine. There was io 
central cyanosis or clubbing of the fingers. Palpable right ventricular over-activity and a palpate 
pulmonary artery pulsation were present. Auscultation revealed an insignificant systolic murm ir 
preceded in three patients by an early systolic click and succeeded always by a very loud pulmona-y 
second sound. In one patient there was a pulmonary diastolic murmur. No right ventricul ir 
third heart sound was heard. In those with gross right ventricular dilation there was a systo ic 
murmur of tricuspid regurgitation. 


ELECTROCARDIOGRAPHIC FINDINGS 


The electrocardiogram in the early stages of the disease usually revealed moderate right ventri- 
cular hypertrophy only. This feature was well shown in one child (K.H.), who had cardiac pain 
on effort during the early stages of the disease when right ventricular hypertrophy was moderate 
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Fic. 1.—Electrocardiogram of a nine-year-old male Fic. 2.—Electrocardiogram of same patient as in Fig. 1, arte! 
patient suffering from primary pulmonary hyper- taken on January 5, 1960, showing greater rigit fron 
tension, taken on July 28, 1959, showing moderate ventricular hypertrophy. i 
right ventricular hypertrophy. the | 
| thro 
, : . ‘ : : re 
(Fig. 1). Six months later, when right ventricular hypertrophy was severe, he did not compla nf oni 
of cardiac pain and had shown distinct clinical improvement (Fig. 2). ieee 
Cardiac pain in children is difficult to recognize on the history alone, and to assist in this diagnosis <n 7 


exercise test was performed. Figure 3 shows a positive result of the exercise test, which was sufficie 1t their 
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to provoke chest pain. The S-T segment depression in the test of August 5, 1959 confirmed the 
suspicion of ischemic pain. This was abscent on September 28, after a similar exercise test. 
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Fic. 3.—Exercise test electrocardiograms of the patient whose tracings are 
shown in Fig. 1 and 2. The tracing on the left, taken at the same time as 
Fig. 1, shows significant S-T segment depression and tachycardia, while that 
on the right, taken nearer the time when Fig. 2 was taken, is within normal 
limits. There is no significant S-T segment depression or tachycardia. 


RADIOGRAPHIC FINDINGS 


X-ray appearances were similar to those usually described in adult cases of primary pulmonary 
hypertension, the features being slight cardiac enlargement, a large main pulmonary trunk and 
proximal branches, and very ischemic peripheral lung fields. In addition, there may be obvious 
right atrial enlargement and an inconspicuous aorta (Fig. 4). 

The ischemia of the peripheral lung field is well demonstrated by the post-mortem pulmonary 
arteriogram performed by Dr. G. Beness (Fig. 5) in which comparison is made with a normal lung 
from a patient who had died from pneumococcal meningitis. The sudden diminution in calibre of 
the pulmonary arteries as they approach the periphery is well shown, and this is equally distributed 
throughout upper and lower zones. The larger pulmonary arteries are dilated and tortuous, 
resembling the picture seen in post-mortem arteriograms of the Eisenmenger reaction (Doyle et ai, 
1957) rather than that seen in mitral stenosis, where the vessels chiefly in the lower zones were 
narrowed internally but were not tortuous (Davies et a/., 1953). Small branches arising before the 
block and passing distally are seen. As vessels of this size do not usually arise from large trunks, 
their nature was uncertain: nor was it apparent after histological examination. 
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Fic. 4.—X-ray of nine-year-old male patient (Case K.H.) suffering from 
primary pulmonary hypertension. Notable features are enlarged 
main pulmonary trunk and ischemic peripheral lung fields. 





Fic. 5.—Post-mortem pulmonary arteriogram (left) of the patient (Case K.H.) whose plain 
X-ray appears in Fig. 4, beside a normal lung similarly treated by injection of barium 
sulphate into pulmonary artery and its branches (right). Note the failure of the contrast 
medium to fill peripheral branches of the pulmonary artery of Case K.H. Upper and 

lower zones are equally affected, and large arterial trunks are tortuous. 
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PRIMARY PULMONARY HYPERTENSION 


CARDIAC CATHETERIZATION AND FURTHER LABORATORY TESTS 


Cardiac catheterization in all cases showed severe pulmonary hypertension but no evidence of 
a shunt. In no case was a wedge pressure obtained. This might have been due to the sudden 
diminution in calibre of the pulmonary vessels as shown in Fig. 5 or to a transmission of the pul- 
mary artery pressure to the catheter tip by abnormal channels that are discussed below. 
With a view to trying the effect of a lysergic acid derivative (UML 491)* on the pulmonary 
v: scular resistance, as suggested by Halmagyi (1959), a second cardiac catheterization was performed 
in one case six months later. The effect of UML 491 was disappointing, and the second 
ce heterization revealed the rapid progression of the disease during the six months’ interval, as 
e\ denced by the rise in right ventricular and pulmonary arterial systolic pressures, and the increase 
in the arterio-venous oxygen difference. A notable feature was the fall in pulmonary artery pressure 
al er the inhalation of pure oxygen (Table I). 


3 
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TABLE I 


HAMODYNAMIC DATA IN A PATIENT WITH PRIMARY PULMONARY HYPERTENSION 





Pressures (mm. Hg) 











| Pulmonary ; Arterio-venous 
Date | Pulmonary | artery after Right | Brachial oxygen 
artery oxygen ventricle artery | difference 
inhalation (volumes %) 
7/7/59 / 80/40 val | 807 | 108/67 4-6 
5/1/60 | 1303 «=| 103/51 | 114/44 & | 90/71 6-4 





The subject of the effect of drugs on a raised pulmonary vascular resistance has been well reviewed 
by Halmagyi (1959). The use of drugs has been encouraged by the paucity of structural vascular 
change occasionally observed in cases with very high resistance (De Navasquez et al., 1940; Dresdale 
et al., 1954). Among the drugs that have been used, priscoline (Dresdale et al., 1954), acetyl 
choline (Wood and Besterman, 1956; Shepherd ef a/., 1959), and reserpine (Halmagyi et a/., 1957) 
were the most encouraging. 

Numbers of other drugs have been tried with varying degrees of success, but their associated 
systemic effects present difficulties. The lysergic acid derivative mentioned above (UML 491) was 
tested because of its action as a serotonin antagonist, and of the powerful pulmonary vaso-constric- 
tive effect that serotonin has been shown to have experimentally (Page, 1958). 

UML 491 was injected through a catheter with its tip in the pulmonary artery in divided doses of 
5, 10, and 10 micrograms up to a total of 25 micrograms on two occasions in different patients 
without any fall in pulmonary artery pressure. In one case there was a slight rise in pressure, 
and such a finding was also noted experimentally by Halmagyi (1960). 

Attempts were made to determine whether the illness was the result of an auto-immune process 
affecting particularly lung vessels. The sedimentation rate in two of the patients was normal. In 
one of these patients a trypsinogenized red cell test and an indirect Coombs test were negative. 
This patient, however, certain members of whose family had suffered a similar early minor illness, 
had a slight increase in the serum f globulin. Wade and Ball (1957) obtained a positive differential 
, agglutination test in two of their ten patients with primary pulmonary hypertension. 


* Supplied by Messrs. Sandoz Aust. Pty. Ltd. 
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Fic. 6.—Concentric intimal hyperplasia (indicated by arrows) in a medium- 
sized pulmonary artery, as seen only in occasional vessels (Hematoxylin 
and eosin x 80). 





Fic. 7.—Abnormal blood vessel formation occurring in relation to a partially 
occluded pulmonary arteriole (arrow). (Hematoxylin and eosin x 170.) 


TREATMENT 


In addition to the administration of anti-serotonin substances, steroids, anticoagulants, a 1d 


this patient, in doses sufficient to produce a marked increase in weight was disappointing. 





reserpine were likewise without beneficial effect in one patient. The complete failure of prednisone in f 
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PATHOLOGICAL FINDINGS 


Autopsy in three cases confirmed the absence of any large single communication between the 
two circulations. Right ventricular hypertrophy, sometimes with dilatation, was always present and 
there was usually some degree of dilatation of the tricuspid valve ring. Right atrial enlargement was 
pr sent but was not much and there were changes in the liver due to venous congestion. 

The Lungs. Thrombosis of the pulmonary arteries of recent origin and in various stages of organ- 
iz tion was the outstanding feature in all and in two the thrombosis had developed mainly in arteries 
dz naged by arteritis or by high pressure. There was uniform musculo-elastic hypertrophy in the 
la ger arteries and a comparable increase in muscle tissue in the smaller branches, even to those of 
ca villary size which, in children of this age group, do not normally contain muscular tissue. In 
cc itrast, concentric intimal hyperplasia was found only occasionally (Wade and Ball, 1957) in small 
ar 1 medium sized vessels, and it is not unlikely that this fibrous thickening was also secondary to 
th ombosis, as the much commoner eccentrically placed mounds of intimal fibrous tissue were judged 
to be (Fig. 6). This interpretation agrees with the findings in certain of the cases described by 
Bi ‘throng and Cochran (1955). Rarely the lumen of small arteries was narrowed by an inner 
hy sertrophied layer of longitudinally arranged smooth fibres. 
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Fic. 8.—Contiguous aorta and pulmonary trunk from a sixteen-months-old male child with normal cardio- 
vascular system. On the left is the aorta (A). On the right (B) can be seen the atrophic changes that 
have already occurred in the elastic tissue of the pulmonary trunk. (Combined elastic and connective 
tissue stain x 80.) 


Unusual vessel formations, previously described by Heath (1959), were seen. These were clusters 
of thin-walled capillaries frequently occurring in relation to a thrombosed vessel (Fig. 7). The 
studies of Wagenvoort (1959) suggested that such vessels seen in cases of pulmonary hypertension 
were not bronchial vessel anastomoses. This would disagree with Brinton (1950), who suggested 
on embryological grounds that it might be the case. Nor would it be supported by our cardiac 
catheterization studies where pulmonary arterial pressures were higher than systemic. Taylor 
(1960) suggested that these vessels may account for the inability to obtain reliable indirect left atrial 
pressures when the catheter appeared to be in a wedged position in the pulmonary arterial tree. 
Pulmonary arterial pressure may thus be transmitted to the catheter tip and so vitiate the true wedge 
| readings. 
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Fic. 6.—Concentric intimal hyperplasia (indicated by arrows) in a medium- 
sized pulmonary artery, as seen only in occasional vessels (Haematoxylin 
and eosin xX 80). 
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Fic. 7.—Abnormal blood vessel formation occurring in relation to a partially 
occluded pulmonary arteriole (arrow). (Hematoxylin and eosin x 170.) 


TREATMENT 


In addition to the administration of anti-serotonin substances, steroids, anticoagulants, < nd 
reserpine were likewise without beneficial effect in one patient. The complete failure of prednison: in f 
this patient, in doses sufficient to produce a marked increase in weight was disappointing. 
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PATHOLOGICAL FINDINGS 


Autopsy in three cases confirmed the absence of any large single communication between the 
two circulations. Right ventricular hypertrophy, sometimes with dilatation, was always present and 
there was usually some degree of dilatation of the tricuspid valve ring. Right atrial enlargement was 
pr sent but was not much and there were changes in the liver due to venous congestion. 

The Lungs. Thrombosis of the pulmonary arteries of recent origin and in various stages of organ- 
iz: tion was the outstanding feature in all and in two the thrombosis had developed mainly in arteries 
de naged by arteritis or by high pressure. There was uniform musculo-elastic hypertrophy in the 
la ger arteries and a comparable increase in muscle tissue in the smaller branches, even to those of 
ca villary size which, in children of this age group, do not normally contain muscular tissue. In 
cc itrast, concentric intimal hyperplasia was found only occasionally (Wade and Ball, 1957) in small 
ar | medium sized vessels, and it is not unlikely that this fibrous thickening was also secondary to 
th ombosis, as the much commoner eccentrically placed mounds of intimal fibrous tissue were judged 
to be (Fig. 6). This interpretation agrees with the findings in certain of the cases described by 
Bc ‘throng and Cochran (1955). Rarely the lumen of small arteries was narrowed by an inner 
hy vertrophied layer of longitudinally arranged smooth fibres. 
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Fic. 8.—Contiguous aorta and pulmonary trunk from a sixteen-months-old male child with normal cardio- 
vascular system. On the left is the aorta (A). On the right (B) can be seen the atrophic changes that 
have already occurred in the elastic tissue of the pulmonary trunk. (Combined elastic and connective 
tissue stain x 80.) 


Unusual vessel formations, previously described by Heath (1959), were seen. These were clusters 
of thin-walled capillaries frequently occurring in relation to a thrombosed vessel (Fig. 7). The 
studies of Wagenvoort (1959) suggested that such vessels seen in cases of pulmonary hypertension 
were not bronchial vessel anastomoses. This would disagree with Brinton (1950), who suggested 
on embryological grounds that it might be the case. Nor would it be supported by our cardiac 
catheterization studies where pulmonary arterial pressures were higher than systemic. Taylor 
(1960) suggested that these vessels may account for the inability to obtain reliable indirect left atrial 
pressures when the catheter appeared to be in a wedged position in the pulmonary arterial tree. 
Pulmonary arterial pressure may thus be transmitted to the catheter tip and so vitiate the true wedge 
readings. 
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Fic. 9 (A).—Transversely cut section of pulmonary trunk taken at autopsy. 
(Combined elastic and connective tissue stain x80.) Four-year-old girl 
who suffered from primary pulmonary hypertension. Dense slightly 
irregularly elastic tissue, with minimal atrophic change. 





Fic. 9 (B).—Transversely cut section of pulmonary trunk taken at autopsy. 
(Combined elastic and connective tissue stain x80.) Six-year-old girl who 
had suffered from primary pulmonary hypertension. Dense elastic tissue 
is quite irregular. 


A special study was made of the main pulmonary trunk following the suggestion by Heath er “/. 
(1959), and Heath (1959, 1960) that the congenital or acquired nature of pulmonary hypertension 
in any given patient could be determined by a careful examination of the configuration of the elas ic 
tissue of the media. The pulmonary vascular resistance gradually diminishes after birth, produci 1g 
a fall in pressure within the pulmonary trunk. There are consequently atrophic changes of 1 1¢ 
elastic tissue within its wall and a gradual change occurs from the foetal pattern, which is similar ‘o 
that found in the feetal or adult aorta, in which elastic fibres are parallel and tightly packed. Wh le 
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the aorta retains this pattern into adult life, the pulmonary trunk undergoes simple atrophy and 
changes to a pattern in which the fibres become broken up, develop rounded enlargements at the 
ends of the fragments, and collagen fills the intervening spaces (Fig. 8). In our sections there was a 
great increase in elastic tissue compared with that usually seen in the pulmonary arteries of children 
w10 had normal pulmonary circulations (Brenner, 1935; Rosen et al., 1957). There was, however, 
scme discontinuity and the fibres were not as parallel nor as tightly packed as in the normal new born 
ir ant. Furthermore, the younger the patient the more closely did the pattern resemble the foetal 
o: e (Fig. 9A, 9B, 9C, 9D). One would have thought that, if a clear differentiation between adult 
a: d foetal patterns were possible, the adult pattern might have been attained and retained after three 
y ars of normal pulmonary artery pressure, if the findings of Heath et al. (1959) could be applied to 
tl sse unusual patients. 





DISCUSSION 


In considering the etiology, particularly of the rapidly progressive cases, one can exclude most 
oi the causes of obliterative pulmonary hypertension usually found in adults. Three possibilities 
re nain to be considered. The first of these is the retention of the thick muscular type of feetal 
ve ssels with a high resistance to flow. The second is a thrombotic state initiated by small emboli 
fr »m peripheral venous thrombosis lodging in the lungs; and the third is an allergic arteritis affecting 
o: ly lung vessels, with subsequent thrombosis and organization. 

In any of these, it is difficult at autopsy to know how much of the pulmonary vascular resistance 
w s contributed to by vasoconstriction, whether neurogenic or hormonal. Halmagyi (1959) pointed 
o.t that this factor will vary from case to case and this concept will support the generally accepted 
vi-w that the cases in this group are etiologically different. On the other hand Dresdale et al. (1951, 
1954) believed that the resistance was mainly functional and, in support of this, pointed to the bene- 
ficial effects of priscoline. 

After consideration of clinical, electrocardiographic, and pathological material, a congenital 
basis can reasonably be excluded, unless one accepts the contention of Evans et al. (1957) that con- 
genital defects in the media of small muscular arteries cause an abnormal intimal hyperplasia. 
There was a clear period of health before the sudden onset of symptoms varying from four months to 
one year before death. The electrocardiogram in one patient supported the possibility of rapidly 
developing ventricular hypertrophy of recent onset, but only one cardiogram was available in 
each of the other two fatal cases. Although the arterial vessels were rather like those seen in feetal 
lungs, it cannot be said that the muscular hypertrophy had been present since feetal life to support 
the suggestion of a congenital etiology. Furthermore, the elastica of the pulmonary trunk did not 
have a distinct foetal pattern. Harrison (1960), having examined sections from two of our cases 
(Fig. 9A and 9B), believed without hesitation that this was an acquired disease. Heath (1960), who 
also kindly examined the section in Fig. 9C was uncertain and said that this case was one of the only 
two in which he had been unable to decide the congenital or acquired nature of the disease by this 
examination. 

There was no evidence at autopsy on macroscopic examination in favour of peripheral vein 
thrombosis or inflammation. It could be argued that microscopic peripheral thrombi might pass 
to the lungs and lodge there where larger thrombi may develop (Wood, 1959). There was, however, 
a suggestion that the illness was the result of an auto-immune process from the preceding history in 
two of the three patients who died. It is true that there was no supporting laboratory evidence for 
an auto-immune reaction, but it could have been that this process was by then quiescent although it 
had left a permanent structural change in the vessels. Mackay (1959) of the Walter and Eliza Hall 
Institute in Melbourne had no experience of an auto-immune process affecting the lungs alone and 
the sections in no way resembled those of Read (1958) who produced a pneumono-toxic pneumonia 
in rats by instillation of rabbit anti-rat lung serum into the respiratory passages of the rat. Arteritis 
was not a prominent feature of his sections. 

Although the four cases discussed in this paper were not exactly similar in clinical or pathological 
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Fic. 9 (C).—Transversely cut section of pulmonary trunk taken at autopsy. 
(Combined elastic and connective tissue stain x80.) Nine-year-old boy 
who had suffered from primary pulmonary hypertension. The elastic tissue, 
though not of the foetal type, is denser and more tightly packed than that 
which occurs in a normal pulmonary trunk at similar ages. 





Fic. 9 (D).—Transversely cut section of pulmonary trunk taken at autopsy. 
(Combined elastic and connective tissue stain x 80.) Ten-year-old boy who 
had died from tetanus, showing normal atrophic changes in the elastic tissue 
of the pulmonary trunk. 


detail, at least they had two points in common: they represented acquired diseases and had as their 
dominating feature thromboses in pulmonary vessels. Whether the fact that this disease is usual y 
observed in adults supports the theory of an auto-immune process remains to be seen. It is hop d 
that these cases described in children may offer a clue in a hitherto difficult problem. 
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PRIMARY PULMONARY HYPERTENSION 


SUMMARY 


Four cases of primary pulmonary hypertension are described in children, aged four to nine 
years. Clinical, electrocardiographic, radiographic, and cardiac catheterization findings are similar 
i) most respects to the cases usually described in adults. 

The group is distinct from another group of infants who died with right ventricular hypertrophy 
aid right ventricular failure that remained unexplained after autopsy. 

A lysergic acid derivative with anti-serotonin properties (UML 491) in modest dosage failed to 
r duce the pulmonary vascular resistance in two cases. 

Clinical and ancillary evidence suggested that the disease was an acquired one. Examination 
o the main trunks of the pulmonary arteries was carried out in the three fatal cases, but unequivocal 
si pport for the acquired nature of the disease was not obtained. Thrombosis in small arteries was 
tl 2 dominating feature in the lungs. 

No certain cause for the pathological changes was discovered, nor was it suggested that the cause 
w is the same in each case. 

Three of the four cases presented for examination within a period of two months. 


We should like to express our thanks to the following: Professor Lorimer Dods, Honorary Director of the 
C iildren’s Medical Research Foundation for his advice and criticism; Dr. W. A. Seldon, cardiologist to 
Si Vincent’s Hospital, Sydney, for extending every facility to us to observe one of the patients; Mr. H. J. Mitchell, 
cl ef medical technologist, Institute of Pathology, Royal Alexandra Hospital for Children, Sydney; Mr. C. Noble, 
cl nical photographer to the Royal Alexandra Hospital for Children, Sydney; Mrs. J. V. Roberts, secretary to the 
C.iildren’s Medical Research Foundation; and to the medical and technical staff of the hospital who made the care 
ai.d observation of the patients possible. 
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Acetylcholine has received much attention of late as a potential, clinically useful, dilator ageuit 
of the pulmonary vascular bed. Right heart intracardiac infusion of acetylcholine has been eni- 
ployed as the method of drug administration. Recognition of the various parameters that must 
be kept constant to permit conclusions as to pulmonary vasodilator or vasoconstrictor activity 
(Fritts and Cournand, 1959) has led to studies in man in which cardiac output and rate, systemic 
arterial pressure, and central blood volume were measured, and animal studies in which alveolar 
and intrapleural pressures were evaluated. Pulmonary arterial wedge pressure has been equated 
with left atrial pressure in these investigations. Previous studies in this laboratory have illustrated 
some of the problems associated with interpretation of pulmonary arterial wedge pressure (Bernstein 
et al., 1960). The purpose of this study is to report the effect of intracardiac right heart acetylcholine 
infusion upon directly measured left atrial and left ventricular pressures. 


METHODS AND SUBJECTS sf 


Combined right and left heart catheterization was performed in 14 patients with rheumatic 
heart disease and mitral and or aortic stenosis. The diagnoses are given in Table I. Acetylcholine 
was infused at a constant rate via the middle lumen of a triple lumen Cournand catheter or via the 
proximal lumen of a double lumen catheter into the outflow tract of the right ventricle or via the 
proximal lumen of the triple lumen catheter into the right atrium. Systemic arterial cannulation was 
done with a Cournand needle. After control supine right heart and systemic arterial pressure 
measurements and determination of cardiac output by the Fick principle before and during acetyl- 
choline infusion, left heart catheterization was performed in the prone position by a modification of 
the posterior percutaneous left atrial puncture technique of Fisher (Samet et al., 1959). Left atrial 
puncture was accomplished with two 7 inch long 17-T needles. Left atrial pressure was measured 
with a 70 mm. length of polyethylene tubing passed into the left atrium; left ventricular pressure was 
measured by passing a second length of polyethylene tubing into the left ventricle. Left atrial, 
left ventricular, and systemic arterial pressures were measured simultaneously from the same base- 
line at identical strain gauge sensitivities with Statham P23G gauges. 

After control pressures and control mean diastolic left atrial to left ventricular gradients and cor- 
trol mean systolic left ventricular to systemic arterial gradients were obtained, right heart acetylch«- 
line infusion at a constant rate was initiated; during this infusion repeat measurements were made of 
pulmonary and systemic arterial pressures as well as left atrial and ventriclar pressures and diastol c 
mitral and systolic aortic gradients. 

In catheterization number 198, 0-5 mg./min. acetylcholine was infused into the right atriur. 


* This project was supported in part by a grant from the National Heart Institute, H-4249. 
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TABLE I 
PHYSICAL CHARACTERISTICS AND DIAGNOSIS IN 14 PATIENTS WITH RHEUMATIC HEART DISEASE 






























































Date Patient | Cath. | Sex | Age | B.S.A. | Diagnosis 
No. | (yr.) | (m.2) | 
i 4/28/58 | R. Cos. | 198 | M | 35 | 1-80 | Rh.H.D., E.H., M.S., M.I., A.F., II-C 
~ 6/17/58 | M. Win. 211 | F | 40 | 142 | RhHLD.,E.H.,MS.,NS.R., II-D 
, 7/11/58 C. Bro. | 219 | F | 53 | 1:86 Rh.H.D., E.H., A.S., M.S., Minimal A.I., N.S.R. 
| | | | II-C, 6 mos. post op. 
q 1/17/58 | L. McGo. 251 Fr | 1-46 | Rh.H.D., E.H., M.S., T.S., N.S.R., I-C 
1/5/59 | B. Ruc. 263 | M | 42 | 1:82 | Rh.H.D., E.H., M.S., Minimal A.I., N.S.R., II-C 
id 3/7/59 | M. Ham. 280 | M | 33 | 2-23 Rh.H.D., E.H., A.S., Minimal A.I., N.S.R., II-C 
id 3/12/59 | D. Bre. 284 | F | 29 | 1-70 Rh.H.D., E.H., M.S., Minimal A.I., N.S.R., I-B 
ca 3/16/59 | D. Yoh. 285 | M | 31 | 1-91 Rh.H.D., E.H., A.S., A.I., M.S., N.S.R., III-C 
rs | 
4/27/59 | = W. McCa. 296 | M 40 | 1-67 | Rh.H.D., E.H., M.S., Minimal A.I., N.S.R., II-C 
ix 5/4/59 | H. Tal. 2988 | M | 35 | 1:82 | Rh.H.D., E.H., M.S., Minimal A.L., N.S.R., II-C 
11/16/59 | L. Bal. | 355 | M | 44 | 1-74 | Rh.HLD., E.H., M.S., Minimal A.L, A.F., II-C 
12/1/59 | L.McCa. | 361 F 43 | 169 | Rh.H.D., E.H., M.S., Minimal A.L., N.S.R., II-C 
12/7/59 | P. Ose. | 363 | M | 56 1:79 | Rh.H.D., E.H., M.S., N.S.R., II-C 
- —— a — EEE — —_ = — — —— eae —— a 
3/10/60 W. Mil. | 391 | M 43 1:79 | Rh.H.D., E.H., M.S., Minimal A.I., A.F., [I-C 
Rh.H.D.=Rheumatic Heart Disease A.I.=Aortic Insufficiency 
E.H.=Enlarged Heart T.S.=Tricuspid Stenosis 
M.S.=Mitral Stenosis N.S.R.=Normal Sinus Rhythm 
M.I.=Mitral Insufficiency A.F.=Atrial Fibrillation 
A.S.=Aortic Stenosis B.S.A.= Body Surface Area 


IlI-C, Iff-D, II-C, and I-B refer to the physiological and therapeutic cardiac classification of the New York Heart 
Association. 


In all subsequent studies acetylcholine was administered into the right ventricular outflow tract. 
In study number 211, 1-5 mg./min. was infused. In number 219, 3 mg./min. was infused into the 
right ventricle. In numbers 251, 263, and 280, 2:25 mg./min. was utilized. In numbers 284, and 
285, 4-25 mg./min. was infused. In numbers 296, 298, 355, 361, 363, and 391, the infusion rate was 
6mg./min. All patients were digitalized before cardiac catheterization. 


RESULTS 


The data are given in Tables II and III. The data obtained during right heart catheterization 
alone in these 14 subjects are to be reported separately as part of a similar study in a total of 67 
patients (Samet et al., 1961). Acetylcholine infusion during combined heart catheterization 
resulted in only minimal decreases in pulmonary artery pressure. These changes are not statistically 
significant (Table III). The changes in left atrial, left ventricular, and systemic arterial pressures and 
in the diastolic mitral and systolic aortic gradients also are not statistically significant. 

In one patient with combined mitral and aortic stenosis, acetylcholine infusion did not alter 
mean left atrial and left ventricular systolic and diastolic pressure. The mean diastolic left atrial- 
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TABLE II 
H4MODYNAMIC DATA IN 14 PATIENTS WITH RHEUMATIC HEART DISEASE (COMBINED HEART CATHETERIZATION) 




























































































































Patient Ventricular Pulmonary Brachial L.A. | LA-LV | Ey. LV-BA 
Cath. No. rate/min. artery | artery m. mean dia- | s/d | mean sys - 
s/d,m_ | s/d, m stolic grad. olic grad 
R. Cos. Cc. 85 | 56/36,43 | 112/79,89 | 28 18 | 1106/2 — | 
198 Ac. 87 55/34, 42 | 108/75, 85 27 18 | 106/4 — 
M. Win. Cc. 84 | 49/25,33 | 112/61, 78 16 16 | 102/1 bi 
211 Ac. 85 | 44/25,32 | 110/60, 79 18 19 | 100/2 — 
C. Bro. <. 78 | 129/62, 83 92/61, 74 22 12 128/14 33 
219 Ac. 66 | 125/61, 79 55/36, 48 25 12 | 123/18 52 
L. McGow. C. 92 | 42/19, 25 93/57, 71 17 13 | 84/2 — 
251 Ac. 91 | 40/19, 25 | 96/59, 73 17 12 | 88/1 
B. Ruc. c. 74 | 35/19, 25 | 103/57, 78 15 10 | 99/6 — 
263 Ac. 82 | 37/19, 24 104/58, 76 14 11 | 102/6 — 
M. Ham. C. 76 | 30/14, 19 125/66, 89 — —_ | 163/7 40 
280 Ac. 84 | 27/13, 19 | 124/66, 88 — — 162/5 41 
D. Bre. c. 84 | 19/9, 14 | 113/71, 88 2 5 | 107/0 — 
284 Ac. 84 | 19/9, 13 108/69, 87 2 4 | 105/0 — 
a 
D. Yoh. c. 85 | 62/36, 46 | 98/49, 75 26 13 | 209/15 
285 Ac. 85 | 64/39,48 | 101/53, 75 28 11 207/16 _— 
W. McCal. C. 59 | 45/21, 30 we 16 12 | 98/0 ee 
296 Ac. 55 | 47/24, 33 | — i8 13 | 93/4 — 
H. Tal. i. 91 | 60/37, 46 | 101/59, 76 27 21 | 106/1 17 7 
298 Ac. 82 | §52/33,39 | 102/58, 72 26 22 | 109/2 17 
L. Bal. : 87 | 41/23, 29 | — 14 8 | 115/0 -~< 9 
355 Ac. 90 | 39/22, 29 | — 15 8 | 114/1 — 
L. McCan. C. 87 | 29/14, 21 124/74, 96 12 13 | 120/0 — 
361 Ac. 88 | 27/15, 21 122/72, 94 11 13 | 117/0 _ 
i | a _— 
P. Ose. c. 83 | 38/11,22 | 130/71, 96 8 3 | 113/11 — 
363 Ac. 79 | 36/8,18 | 123/67, 91 8 3 | 112/11 
W. Mil. . 73 | 33/22, 25 125/77, 90 13 6 118/9 
391 Ac. 71 | 30/21, 24 | 124/75, 92 13 7 116/6 — 
Mean .. 81 | 48/25, 33 | 111/65, 83 17 12 119/5 30 
Ac. 81 | 46/24,32 | 106/62, 80 17 12 118/5 36 










(Fig. 1 and 2). 


DISCUSSION 


left ventricular gradient was therefore unchanged. However brachial artery pressure fell with a 
resultant increase in the mean systolic left ventricular to brachial artery gradient from 33 to 52 mm. dg 





The data provided in the present study demonstrate directly for the first time that right he ut 
intracardiac acetylcholine infusion does not alter mean left atrial pressure. Wood et al. (19.7) 
and Séderholm and Werké (1959) measured pulmonary arterial wedge pressures in patients w th 
mitral stenosis during acetylcholine infusion but direct left atrial pressure data was not obtained 
Since left heart pressures and gradients in subjects with rheumatic heart disease are not alteied 
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TABLE Ill 


H4MODYNAMIC DATA: SIGNIFICANCE OF CHANGES IN 14 


INTRACARDIAC ACETYLCHOLINE INFUSION 


PATIENTS WITH RHEUMATIC HEART DISEASE 
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Pulmonary artery 


Brachial artery 















































eee i te i ee Tr. 7. wae 
L All patients. Mean control | 47-7 24-8 «| 32-9 110-7 | 65-2 83-4 
M:an acetylcholine | 458 244 | 318 | 106-4 623. «| 800 
N=14.Meanchange ..| —18 | —O-4 “ae | = -20 | —34 
Si; nificance of change... 0-05>P>0-02 0-4>P>0-3 | 0:2>P>0:1 | 0-2>P>0-1 | 0-3>P>0-2 | 0-2>P>0-1 
Vent. rate L.A. mean | L.A.-L.V. i. L.V. L.V.-B.A. 
mean Systolic Diastolic mean 
gradient | | gradient 
Al patients. Mean control 81-3 16-61 11-5 119-14 4-9 30-0 
M: an acetylcholine 80-6 17:1 11-7 118-14 5-4 36-7 
N-=14, Mean change 0-64 +0°6 +02 -10 | +4055 +67 
Significanc. of change |0-7>P>0-6 | 0-3>P>0-2 | 0:6>P>0-5 | 0-2>P>0-1 | 0:3>P>0-2 | 0-4>P>0-3 
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Fic. 1.—Right and left heart pressures in C. Bro., a 
patient with combined mitral and aortic stenosis. 
Control pressures prone, prior to acetylcholine 
infusion. 


FIG. 


by right heart acetylcholine infusion, and since heart 


C.Bro. AS.& MS. 7-9-58 During Acetylcholine 





2.—Acetylcholine infusion results in systemic 
arterial hypotension and an increase in the mean 
systolic left ventricular brachial artery gradient 
from 33 to 52 mm. Hg. 


rate and cardiac output are only minimally 


affected by acetylcholine (Samet et a/., 1961), and since central blood volume remains unchanged in 
the hypoxic normal subject after acetylcholine infusion (Fritts et al., 1958), a decrease in pulmonary 
artery pressure after acetylcholine infusion could be interpreted as pulmonary artery vasodilation. 
The minimal fall in pulmonary arterial pressures noted after drug infusion in the present study again 


demonstrates the limited clinical value of acetylcholine as a pulmonary vasodilator agent. 





SAMET, BERNSTEIN, AND LITWAK 


SUMMARY 


Right heart acetylcholine infusion was employed in the course of combined right and lefthea 
catheterization in 14 patients with rheumatic heart disease. Left atrial mean pressure and the me: n 
diastolic mitral gradient and the mean systolic aortic gradient were not altered by acetylcholii e 
infusion. Pulmonary arterial pressure fell only slightly after acetylcholine infusion. Acetylcholii e 
offers little promise as a clinically useful pulmonary vasodilator agent. 
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Indicator dilution technique is more widely used during cardiac catheterization for the diagnosis 
an | rough estimate of the size of intracardiac shunts and valvular regurgitation (Korner and Shilling- 
foid, 1955; Fox and Wood, 1957; Swan and Wood, 1957; Woodward et al., 1957; Shillingford, 1958; 
Carter et al., 1959; Carleton et al., 1960; Jose et al., 1960). 

Evans blue dye (T-1824) has long been used to record dye dilution curves, being of special value 
in the diagnosis of right-to-left shunts (Falholt and Fabricius, 1958). However, this dye has the 
disadvantage of accumulation in human tissue and is influenced by the blood oxygen saturation; 
therefore, it cannot be used to record curves with venous blood. 

With the development of a new dye by Fox and Wood (1957) (tricarbocyanine dye II-cardio- 
green)* it became possible to record indicator dilution curves from the right heart or venous 
circulation since this dye is not influenced by oxygen saturation of the blood. In the present study, 
we intend to report the usefulness of the dye dilution curve from the right side of the heart, using a 
two-catheter technique in patients with valvular regurgitation and left-to-right shunt in whom the 
blood oxygen saturation did not reveal an intracardiac shunt or adequately did not locate it. 

The dye dilution curve with injection into the right heart and sampling at the systemic artery 
does not provide information regarding location of a left-to-right shunt. It may but suggest the 
presence of a shunt; and in many cases it does not differentiate a curve due to valvular regurgitation 
from a curve of a patient with left-to-right shunt. In both circumstances, there is a prolonged 
disappearance curve with absence of a small recirculation curve. Thus, in order to make the 
indicator dilution technique useful in the diagnosis of a left-to-right shunt, injections and sampling 
sites have to be in the right heart. 


METHODS 


Indicator dilution curves from the right side of the heart were recorded in sixty-two patients with 
congenital heart disease and in nineteen with acquired heart disease. The patients varied from 
one month to fifty-five years of age. 

In order to identify and localize the presence of an intracardiac shunt or valvular regurgitation 
with this method, it is necessary to use two catheters at different locations for injection and sampling. 
It is possible to use a double lumen catheter, with injection being made through the distal lumen and 
sampling at the proximal lumen. When a two-catheter technique was used, a No. 6 or No. 7 


This study was supported in part by funds from The National Heart Institute Graduate Training Program +-HTS- 
5210; The National Heart Institute Research Grant +;H-5575; and the Timkin-Sturges Cardio-Vascular Research 
Grant. 


* Hynson, Westcott and Dunning, Inc. 
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angiography catheter was preferred (Fig. 1). The angiography catheters were used instead of a 
single opening catheter because with the latter, during withdrawal, the catheter tip may rest flu: 4 
with the heart wall and the blood flow consequently may be obstructed. 

All patients were studied by right heart catheterization and a great majority by selective cineangi 
cardiography. The diagnosis was confirmed by operation in most cases and occasionally by po 
mortem examination. In 23 patients, the blood oxygen saturation was not diagnostic of a left-t 
right shunt or the origin of the shunt was not precisely located. This group of patients is the ma 
object of the study. The oxygen saturation and content of blood samples taken during cardi 
catheterization were determined by Brinkman-Zigstra hemoreflector and the Van Slyke and McNe II 
method (1924). For this special study, a large number of blood samples were taken from ea h 
cardiac chamber or vessel in a very rapid sequence. One catheter was first positioned in the p: |- 
monary artery and the other catheter in the right ventricle and samples taken from there to the ve ia 
cava; simultaneous samples were taken from two different locations. The total time spent in t ie 
collection of the blood samples varied from fifteen to thirty minutes with an average of twenty-t\ 0 
minutes. A great number of samples were taken intentionally and the average per patient was 
twenty-two samples from the following locations: pulmonary artery (main, left, and right, two of 
each); right ventricle (inflow, mid, apex, and outflow, two of each); right atrium (inflow, mid, 
outflow, two of each); superior and inferior vena cava, two of each; systemic artery, two. 
Pressure measurements were performed with a P 23 D Statham strain gauge with a Sanborn poly- 
viso direct writer recorder. The cardiac output was determined using the Fick principle. Cal- 
culation of the flows, shunts, and areas were made according to the method of Gorlin and Gorlin 
(1951). 

Indicator dilution studies were performed during cardiac catheterization after the patient had 
been given mild sedation. Tricarbocyanine (Fox and Wood, 1960) was used in all cases. In the 
beginning of our study, the Waters densitometer (XC 100A) was employed and the curves recorded 
by a Sanborn poly-viso direct writer recorder at a speed of 5-O mm. asecond. The blood was with- 
drawn with a pump at a constant rate of 30-0 ml. a minute. At the present time, we are using a 
Colson cuvette densitometer (No. 103-IR) and the curves recorded on a photographic paper 
(Electronics for medicine DR-8). The amount of dye used per injection varied according to the 
body weight, but an average of 5-0 mg. per injection was used in most patients. Séveral injections 
were made in individual cases but an arbitrary total dose calculated to be 2-0 mg./kg. of body 
weight was not exceeded. At the present time, we have been using a maximal dose, 5-0 mg./kg. of 
body weight (Fox and Wood, 1960) without untoward side effects. An average of six injections 
per patient was sufficient. 

For the diagnosis of an aorto-pulmonary communication, the injection was made at the right 
pulmonary artery and sampling at the left pulmonary artery. In case of ventricular septal defect, 
injection was made at the main pulmonary artery with sampling at the right ventricle (midportion of 
outflow tract (Fig. 1)). In case of atrial septal defect, injections were made at the right ventricle 
and samplings at the mid right atrium. Incase of anomalous pulmonary venous drainage, injection 
was made at the right or left pulmonary artery and sampling at the superior or inferior vena cava. 
Since the appearance time varies from patient to patient, it was necessary to record a curve proximal 
and distal to the left-to-right shunt in every case. 

At first we made no attempt to measure the size of the shunts by the dye curves. Now the curve 
is calibrated using the dilution method of Nicholson and Wood (1951) and the calculations mede 
with the technique of Wood et al. (1957) and Hetzel et al. (1959). All curves illustrated in this rep rt 
were obtained from patients whose diagnoses were proved by operation. 


Qs ft 


RESULTS 
Normal Curve from the Right Heart. The normal dye dilution curve from the right hear’ is 
demonstrated (Fig. 2). The curve shows a somewhat long appearance time, low-peak concentrat on 
and small or no recirculation curve. This is due to the fact that the bolus of dye injected into he 
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Fic. 1.—Chest X-ray showing the location of the two catheters. 
The catheter from the inferior vena cava is at the outflow 
tract of the right ventricle and the catheter from the superior 
vena cava is in the right pulmonary artery. 





RV JLV 


Fic. 2.—Normal curve (marked 1). Note the long appearance time, slow 
build-up time and disappearance time. The time of injection is marked 
with an arrow. The time mark at the bottom of the curves in all illustrations 
represents one second. VC=Vena cava. RA=Right atrium. RV=Right 
ventricle. PA=Pulmonary artery. PV=Pulmonary vein. LA=Left atrium. 
LV=Left ventricle. I=Site of injection of dye. S=Site of sampling of dye. 
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pulmonary artery, right ventricle, or right atrium has to cross the pulmonary and systemic circulation ; 
and a considerable amount of dilution takes place through numerous anatomical pathways. 
Left-to-Right Shunt. Aorto-pulmonary Communication. In this condition, the dye was injecte:! 


into the right pulmonary artery and the sampling site was the left pulmonary artery. In the case 0° 


patent ductus, the streaming effect of the left-to-right shunt to the left pulmonary artery strong): 
emphasizes the need to have the left and not the right pulmonary artery as a sampling site. Th 
curve in this condition shows an abnormal early appearance time just preceding the main venou; 
curve (Fig. 3). 

Ventricular and Atrial Septal Defect. In cases of ventricular septal defect, the injection was mad > 
at the pulmonary artery and the sampling at the mid or outflow tract of the right ventricle. Whe. 
the catheter tip is placed at the apex, it is possible to fail to record an early appearance time due to the 
streaming effect of the left-to-right shunt which is directed to the mid or outflow tract of the right 
ventricle. In cases of atrial septal defect, injection was made at the pulmonary artery or right 
ventricle and the sampling at the mid-right atrium (Fig. 4, 5, and 6). In both conditions, the curves 
characteristically revealed an early appearance time preceding the main venous curves (Fig. 7). 
The association of anomalous venous drainage with atrial septal defect can be easily recognized 
with this technique (Fig. 8). 














Z 

¥ 2 

ay 

be) Se 

2 (1 (1\ 
—_—“~ 4 
11.2(4) er “ 
et 5 > o 
be Vv 
Fic. 3.—Patent ductus arteriosus with left-to- Fic. 4.—Ventricular septal defect with left-to-right shunt 

right shunt and normal pulmonary artery and normal pulmonary artery pressure. Note that the 
pressure. Note the early appearance oxygen content data does not reveal a left-to-right shunt. 
curve in the upper tracing with sampling A total of fifteen blood samples were taken from the 
at the left pulmonary artery. Normal right right heart in this patient. The dye dilution curve from 
ventricular curve. No. 1 represents the the right ventricle is diagnostic of a left-to-right shunt 
early appearance curve of the left-to-right at this level. Observe the early curve immediately 
shunt, and No. 2 the main venous curve. preceding the main curve. Compare with Fig. 3, 5, 6, 
RPA=Right pulmonary artery. LPA= and 7. The numbers in the left-hand diagram represent 
Left pulmonary artery. RV=Right ven- the values of the oxygen content in volumes per cent. 
tricle. 1=Site of injection of dye. S=Site The numbers in parentheses represent the total number 
of sampling of dye. of samples taken from the specific chamber or vessel. 


PA=Pulmonary artery. RV=Right ventricle. RA= 
Right atrium. I=Site of injection of dye. S=Site of 
sampling of dye. No. 1 represents the early appearance 
curve of the left-to-right shunt, and No. 2 the main 


venous curve. 
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Fic. 5.—Ventricular septal defect with left-to-right shunt 


and mild pulmonary hypertension. The blood oxygen 
content of the right ventricle reveals an increase of 
0-8 vol. per cent, and the pulmonary artery 0-6 vol. 
per cent, above that in the right atrium. The dye 
curve, with sampling at the right ventricle, im- 
mediately identifies the presence of a left-to-right 
shunt by an early appearance time. The right atrial 
curve is normal. Observe the interruption of the 
descending limb of the femoral artery curve (arrowed) 
reflecting the shunted blood. PA=Pulmonary artery. 
RV=Right ventricle. RA=Right atrium. FA= 
Femoral artery. I=Site of injection of dye. S=Site 
of sampling of dye. No. 1 represents the early 
appearance curve of the left-to-right shunt, and No. 2 
the main venous curve. The numbers in the left- 
hand diagram represent the values of the oxygen 
content in volumes per cent. The numbers in 
parenthesis represent the total number of samples 
taken. 
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Fic. 6.—Atrial septal defect with left-to-right shunt and 


normal pulmonary artery pressure. The blood 
oxygen content was misleading, revealing an in- 
crease of 0-8 vol. per cent at the ventricular level 
suggesting a left-to-right shunt at this level and none 
at the atrial level. The dye curve, with a sampling 
at the right atrium, revealed a large early appearance 
curve typical of left-to-right shunt. The curve 
recorded from the superior vena cava is normal thus 
localizing the shunt at atrial level. PA=Pulmonary 
artery. RA=Right atrium. SVC=Superior vena 
cava. I=Site of injection of dye. S=Site of sam- 
pling of dye. No. 1 represents the early appearance 
curve of the left-to-right shunt, and No. 2 the main 
venous curve. The numbers in the left-hand 
diagram represent the values of the oxygen content 
in volumes per cent. The numbers in parenthesis 
represent the total number of samples taken. 


In the majority of cases with atrial septal defect, it is possible to enter the left atrium through the 


In this circumstance, injection made in the left atrium with sampling at the right atrium 

In some infants in whom the foramen ovale is not completely 
closed, manceuvring the catheter against the septum may enable one to get into the left atrium. 
The two catheter method is then especially helpful to differentiate a true septal defect from a patent 
foramen ovale, since in the latter, no early appearance time will be recorded. 


Anomalous Venous Return. This method is especially useful in the diagnosis of an anomalous 


pulmonary venous drainage to the right atrium, superior vena cava, or inferior vena cava. In the 








determine the lung of origin. 


age (Fig. 9). 
technique as described above. 
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Fic. 7.—Atrial septal defect, secundum type, with the 


left-to-right shunt and normal pulmonary artery 
pressure. The blood oxygen content revealed a 
very small equivocal rise at the atrial level (0-5 
vol. %%). The dye curve with injection at the left 
atrium and sampling at the right atrium and superior 
vena cava revealed an early appearance curve at the 
right atrium and none at the superior vena thus 
localizing the shunt at the atrial level. Observe the 
interruption of the descending limb of the femoral 
artery curve (arrowed) reflecting the shunted blood. 
LA=Left atrium. RA=Right atrium. SVC= 
Superior vena cava. RV=Right ventricle. FA= 
Femoralartery. I=Site of injection of dye. S=Site 
of sampling of dye. No. 1 represents the early 
appearance curve of the left-to-right shunt and 
No. 2 the main venous curve. The numbers in the 
left-hand diagram represent the values of the oxygen 
content in volumes per cent. The numbers in 
parenthesis represent the numbers of samples taken. 
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Fic. 8.—Atrial septal defect with anomalous venous 


drainage at the superior vena cava. The blood 
oxygen content was misleading revealing a small 
(0-5 vol. %%) rise at the pulmonary artery level and 
no rise at the right atrium. The right atrial dye 
curve revealed an early appearance time typical of 
a left-to-right shunt at this level. In addition, the 
curve from the superior vena cava also revealed an 
early appearance curve which was not present at the 
subclavian vein level thus localizing an additional 
shunt at the superior vena cava. PA=Pulmonary 
artery. RA=Right atrium. SVC=Superior vena 
cava. V=Vein. I=Site of injection of dye. S= 
Site of sampling of dye. No. 1 represents the 
early appearance curve of the left-to-right shunt and 
No. 2 the main venous curve. The numbers in the 
left-hand diagram represent the values of the oxygen 
content in volumes per cent. The numbers in 
parenthesis represent the number of samples taken. 


majority of cases, it is not only possible to identify the presence of an anomalous vein but also to 
If one recognizes the presence of an early appearance time at the 
superior or inferior vena cava or right atrium, injection of tricarbocyanine should then be made at 
the right and left pulmonary arteries, respectively. The failure to record an early appearance ti ne 
from one lung will immediately identify the other lung as the point of origin of the anomalous dra n- 
It is also possible to determine the lobar origin of a pulmonary vein using the sa ne 
In this particular situation, the dye is injected into each branch of 
the pulmonary artery and the sampling site at the point of drainage of the anomalous vein. 


Valvular Regurgitation. If an injection is made distal to an incompetent valve and the sampl og 


site is proximal, an early appearance time will be recorded with regurgitation of dye into the samp ed 
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I-RPA 
S-IVC-DIAPHR. 








L 


9.—Total anomalous pulmonary venous drainage of the right lung to the 
inferior vena cava. The blood oxygen content study revealed high values at 
the inferior vena cava. The dye curve with injection at the right pulmonary 
artery and sampling at the right atrium and inferior vena cava above the 
diaphragm revealed an early appearance curve. The curve recorded one inch 
below the diaphragm revealed a normal venous curve thus localizing the 
left-to-right shunt at the level of the diaphragm. As the injection was made 
in the right pulmonary artery, the origin of the anomalous vein was identified 
as being the right lung. RPA=Right pulmonary artery. RA=Right atrium. 
I1VC=Inferior venacava. Diaph.=Diaphragm. SVC=Superior vena cava. 
I=Site of injection of dye. S=Site of sampling of dye. No. 1 represents 
the early appearance curve of the left-to-right shunt and No. 2 the main 
venous curve. The numbers in the left-hand diagram represent the values of 
the oxygen content in volume per cent. The numbers in parenthesis repre- 
sent the number of samples taken. 
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chamber. In this fashion, pulmonary, tricuspid, mitral, or aortic regurgitation is readily recognized 
as shown in Fig. 10 and 11. 

The recognition by this technique of either valvular regurgitation or left-to-right shunt is based 
of the presence of an early appearance of dye at the sampling site. However, it must be pointed 
out that an early curve of valvular regurgitation occurs well before the main venous curve in co! 
tradistinction to curves diagnostic of a left-to-right shunt in which the early appearance curve juit 
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Fic. 10.—Pulmonary regurgitation. Blood oxygen 
content did not reveal a left-to-right shunt. The 
dye curve with injection at the main pulmonary 





Fic. 11.—Aortic regurgitation. Note the large, 
early appearance curve (1), when injection was 
made at the ascending aorta and sampling at 
the left ventricle. 


artery with sampling at the right ventricle 
revealed an early appearance time consistent 
with pulmonary regurgitation. The early curve 
(1) occurs eight seconds before the main 


Observe normal curve (2), 
when the injection was made at the descending 
aorta with sampling at the femoral artery. 
Compare with Fig. 10. LV=Left ventricle. 


curve (2), differentiating regurgitant from left- 
to-right shunt curve. See text. Compare with 
Fig. 3, 5, 6, and 7. PA=Pulmonary artery. 
RV=Right ventricle. RA=Right atrium. I= 
Site of injection of dye. S=Site of sampling 
of dye. 


FA=Femoral artery. I=Site of injection of 
dye. S=Site of sampling of dye. 

















precedes the main venous curve. We have found no difficulty in differentiating a regurgitant 
curve from the curve of a left-to-right shunt (Compare Fig. 3, 4, 5, 6, 7, and 9 with Fig. 10 and 1!). 

When combined catheterization of the right and left heart is performed, the dye dilution two- 
catheter technique becomes a valuable and precise means of localizing intracardiac shunts and 
valvular regurgitation. It is especially useful in the presence of an endocardial cushion defect when 
the possibility of valvular regurgitation due to a cleft of the atrio-ventricular valve associated with 
left-to-right shunt is contemplated (Fig. 12). The identification of a left ventricular to right atr al 
shunt is made possible with this technique. 


DISCUSSION 
Indicator dilution curves with tricarbocyanine, when recorded from the right side of the hea‘t, 
provide a very accurate way to localize a left-to-right shunt (Swan and Wood, 1957; Falholt aid 
Fabricius, 1958; Oakley et al., 1960; Sanders and Morrow, 1959). With this technique, it is 
possible to detect a left-to-right shunt of a magnitude of 20 per cent (Fox and Wood, 1960). It 
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Fic. 12.—Endocardial cushion defect with left-to-right shunt and minimal pulmonary hypertension. 
The oxygen values throughout the right heart did not reveal a left-to-right shunt. All four 
chambers of the heart were entered during catheterization. The dye curve, with injection of the 
left atrium and sampling at the right atrium, identified a left-to-right shunt at the atrial level. In 
addition, the injection made at the left ventricle with sampling at the right ventricle was diagnostic 
of an additional arteriovenous shunt at the ventricular level. LA=Left atrium. RA=Right 
atrium. SVC=Superior venacava. LV=Left ventricle. RV=Right ventricle. PA=Pulmonary 
artery. 1I=Site of injection of dye. S=Site of sampling of dye. No. 1 represents the early 
appearance curve of the left-to-right shunt and No. 2 the main venous curve. The numbers in 
the left-hand diagram represent the values of the oxygen content in volumes per cent. The 
numbers in parenthesis represent the number of samples taken. 








is agreed that measurement of change in O, saturation of the venous blood is a somewhat insensitive 
means of localizing and estimating the size of a left-to-right shunt (Fig. 4, 5, 6, 7, 8, and 9). Changes 
in the metabolic rate and oxygen consumption, streaming effect, etc. makes this method 
far from being ideal (Fox et al., 1957). This is especially true with children in whom it is 
very difficult to maintain a steady state during cardiac catheterization and in whom the oxygen 
values vary rapidly and markedly. Furthermore, determination of cardiac output becomes a 














Fic. 13.—Ventricular septal defect with left-to-right shunt 


and normal pulmonary artery pressure. The injections 
were made on the superior vena cava with sampling at the 
right ventricle and right atrium. Note the interruption 
(2) of the descending limb in the right ventricular, but 
not the atrial curve, thus localizing the shunt to ven- 
tricular level. SVC=Superior vena cava. RV=Right 
ventricle. RA=Right atrium. I=Site of injection of 
dye. S=Site of sampling of dye. No. | represents the 
early appearance time of the main venous curve. 





Fic. 14.—Same patient as in Fig. 13. 
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problem in a child below the age of eight due 
to difficulties in collecting expired air for the 
determination of oxygen consumption. Dye 
dilution curves, in addition to other advair - 
tages mentioned, provide a simple way to d - 
termine output in children above the age cf 
two years. 

In addition, the right side dye curve wit 
the two-catheter technique provides the on! y 
way to identify precisely the lung and lobe «f 
origin of an anomalous pulmonary vein. 

Recently, Braunwald et a/. (1959) suggested 
a simple method to detect a left-to-right shut 
using a peripheral vein as the injection site ard 
sampling at the pulmonary artery, right ver- 
tricle, right atrium, and vena cava. The 
venous curve, with this technique, will reveal 
an interruption in the descending limb in the 
chamber distal to the left-to-right shunt (Fig. 
13 and 14). We have used this technige occa- 
sionally in small children with good results. 
However, it is not as reliable as the two-cathe- 
ter technique. In many instances, the curves 
are quite difficult to interpret. The inter- 
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Note the early appearance curve (1) at 


the right ventricle typical of a left-to-right shunt, and the normal venous 
curve (2) in the right atrium. The oxygen values in this patient revealed 
a rise at the pulmonary artery level and none at the right ventricle despite 


the fact that eight samples were taken from this chamber. 
RA=Right atrium. FA=Femoral artery. 
S=Site of sampling of dye. 


artery. RV=Right ventricle. 
I=Site of injection of dye. 


PA=Pulmonary 


Observe the 


interruption of the descending limb of the femoral artery curve (arrowed) 


reflecting the shunted blood. 
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ruption of the decending limb is not always distinct and the interpretation of the curve therefore 
difficult. In addition, it does not provide an accurate way to locate the origin of an anomalous 
venous drainage. 

This two-catheter technique can also be successfully used during left heart catheterization to 
identify mitral and aortic regurgitation (Fig. 11). One possible disadvantage of the two-catheter 
technique is the necessity for multiple catheters in the right side of the heart. However, one may 
u ea double lumen catheter or place two catheters in the same vein. In adults, it is usually possible 
tc use the medial antecubital vein for one catheter and one small branch of the same vein for the 
ond catheter. Lately, in children below the age of four, we have been using successfully the 
si perficial femoral vein below the junction with the saphenous vein and making two separate 
ir cisions. This is done in order to secure better hemostasis, which is more difficult to accomplish 
if two catheters are inserted in the same incision. 


~ 


4) 


SUMMARY 


A study of the indicator dilution curve as recorded from the right side of the heart is presented. 
Si ity-two patients were studied with the two-catheter technique. Injection of the indicator 
w th this technique is made distal to the shunt and the sampling site immediately proximal to the 
e t-to-right shunt. 
In all cases it was possible to localize accurately a left-to-right shunt based on the early appearance 
cirve just preceding the main venous curve. 
This method is also useful in detecting the presence of valvular regurgitation. In the presence 
o! regurgitation, the early appearance curve precedes the main venous curve by several seconds 
.aking the differentiation between regurgitant and left-to-right shunt curves easily available. 
This technique is especially useful to locate precisely the origin of the anomalous pulmonary 
venous drainage. In most cases, it is possible to identify its lobar origin. 
A comparison of this method is made with the blood oxygen content method of detecting a 
leit-to-right shunt and the disadvantage of oxygen determination is emphasized. 
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One of us (Rogen, 1957) has reported a patient in whom extensive cardiographic abnormalitics 
were associated with massive urticaria, the abnormalities being of short duration and clearing with 
rapid recovery from the urticaria. Her condition is summarized shortly as Case 2. The first 
patient reported here as Case | had associated mild urticaria only, but the electrocardiogram showed 
features similar to those previously reported by others. We have been given notes about another 
patient (Case 3), similar except that the cardiographic changes lasted for longer. 


Case 1. A young man, aged twenty-one, had been ill since he had eaten a sandwich made with tinned 
pilchards. Six hours after eating the sandwich he developed severe generalized abdominal pain, which 
lasted until the following morning: there was occasional vomiting and diarrhoea in the form of two to three 
loose, normally coloured, stools in the day for the five days until he was admitted to hospital. Shortly after 
the onset of the abdominal pain he felt “‘a gripping pain” in the left mammary region radiating down the 
inner aspect of both arms to the elbows, the pain lasting about ten minutes at a time and recurring roughly 
every three hours. This type of pain was troublesome for the first three days of his illness, but for the two 
days before his admission it alternated with two attacks of severe bilateral constricting chest pain lasting up to 
13 hours. With the second attack of severe long-lasting pain he felt dizzy and weak and sweated. It was 
shortly after the cessation of this attack of pain that he was admitted to Ruchill Hospital. He gave no history 
of recent cold, sore throat, or joint pains. 

He was a well-built young man who indulged in boxing and swimming without chest pain or other ill 
effects. There was no history of recent injections or of drug taking and no history of any skin rash following 
the taking of medicines in the past. One sister, aged 17, had psoriasis but there was no history of allergic 
disease in the patient, his parents, or his two sisters. The patient had no diarrhoea or chest pain while in 
hospital. He was not dehydrated. He had a mild urticarial eruption on the back of his chest which cleared 
within three days. There was no triple rhythm or other significant abnormality on clinical examination of the 
heart. His blood pressure was labile and was most commonly around 120/70 mm. Hg. Two specimens of stool 
were negative for intestinal pathogenic organisms. Hzmoglobin, white blood count, and differential white 
blood count were within normal limits, and no abnormality was found in the urine or on radiological 
examination of heart or lungs. 

A cardiogram taken on admission showed changes compatible with antero-lateral ischemic heart damage 
(Fig. 1): that taken three days later was normal (Fig. 2). No drug treatment was given. 

The only evidence of an allergic reaction in this patient was the fine urticarial eruption noted on his back; 
this cleared rapidly after his admission to hospital and was absent when the second cardiogram was taken. 
The possibility of the whole illness being due to allergy might be supported by the fact that the illness dated 
from the eating of tinned fish, an eating habit in which he had never indulged before and insisted he would 
never repeat. 

He had been a patient in Stobhill General Hospital just over a year previously with a similar type of 
illness. On that occasion he was admitted with a history of having had severe anterior chest pain for abo: t 
three hours, maximal retrosternally and of a constricting quality. It was considered to have the characteri:- 
tics of ischemic cardiac pain. An electrocardiogram taken a few hours after pain had ceased showed 
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changes compatible with recent antero-lateral myocardial infarction (Fig. 3). Forty-eight hours later the se 
changes had disappeared and the tracing was normal (Fig. 4). 

On this occasion the complaint of chest pain was part of an acute illness which included sore thro: t, 
stiffness in the elbows, vomiting, and the development of an ill-defined urticarial rash on the back and che t. 
This rash disappeared in about twenty-four hours. The illness was considered by the attending physicia 1s 
at that time to be in the nature of an allergic response to an unknown factor. Virus pericarditis was cc 1- 
sidered but negative results were obtained from serum studies to influenza types A, B, and C, to the ader >- 
virus group, psittacosis, and Q fever. 

Case 2. A young woman, aged 23 years, had had bronchitis and a sore throat for one month befc re 
admission to hospital ; for a few days before she had had vague abdominal pains and slight pains, not troub e- 
some and apparently without constitutional upset, in the elbow and shoulder joints. She was sent to hospi al 
as suffering from rheumatic fever. Two days after admission she developed an extensive urticarial rz sh 
affecting the forehead, eyelids, lips, shoulders, arms, hips, and knees. Her eyes were almost closed, the | ps 
were grossly swollen, and she had difficulty in breathing. The cardiogram done at this stage showed ext« n- 
sive S-T and T wave changes, not typical of infarction or pericarditis; there was S-T depression and T weve 
inversion in leads II and III and the chest leads. The urticaria cleared rapidly after the administration of 
adrenalin and a cardiogram taken three days after the first showed a normal pattern. The cause of the 
urticaria remained in doubt although acetylsalicylic acid, taken in the form of a proprietary preparation up 
till the time of her admission, and sodium salicylate given in the hospital for the two days preceding the 
urticaria were thought of as possible causative factors. 


Dr. Maurice Campbell has written to us as follows. ‘I wonder if you would like to include the 
notes of a somewhat similar case that I saw several times between 1955 and 1959. I thought that 
his signs of cardiac infarction might have been due to the effects of urticaria on his heart muscle, 
because of the close association and the unusually good recovery. I put aside his notes to wait for 
the chance of seeing a similar case and in 1957 I saw an older man who developed severe urticaria in 
hospital and this too was followed by severe cardiac infarction. But in this case the patient died 
and there was very severe coronary atheroma and the classical picture of coronary obstruction and 
cardiac infarction without any unusual features, so I have not yet had the opportunity of using my 
notes of the first patient.” He is included as Case 3. 


Case 3. A young man had been flying in the R.A.F. since October, 1938, when he was 20. From 1940- 
45 he served in heavy bombers and flew in 77 incidents, being intercepted by fighters on six or seven occasions 
and involved in several crash landings. From 1945-55 he served in Transport Command, flying over much 
of the world and spending a good deal of time in the Far East. He had always had good health until he had 
urticaria in September, 1952, followed by severe attacks of giant urticaria in November and again in Decem- 
ber, 1953. He was under almost constant treatment for this, including a course of autohemotherapy, 
from then until June, 1954. By this time, he was married with three children. 

On June 17th and again on the 19th, when he was 36 and had been flying almost continuously for 16 
years, he had his first attacks of anginal pain. On June 21st within twenty-four hours of developing another 
attack of generalized urticaria he had moré severe pain and was admitted to the R.A.F. Hospital at Halton 
with a diagnosis of coronary thrombosis. There was depression of the S-T segment in leads III, V2, V3, 
and V4 with a small Q wave and perhaps slight S-T elevation inleadI. A week later these changes were more 
obvious. Two months later, there was still a small Q wave in lead I and TI had become inverted. He was in 
hospital for three months and was discharged from the R.A.F. By the middle of October, four months a‘ter 
the onset of his attack, all these changes were disappearing. 

In April and October, 1955, when he was first seen by M.C., he was getting on very well and by October 
he was working as a commercial traveller and leading a normal life without any anginal pain. There was 
nothing abnormal to find on examination except that the aorta was a little prominent and unfolded: the 
blood pressure was 125/85mm.Hg. The T wave was still almost flat and there was a minute Q wave in 
lead I: in leads V1 to V4 there was a fairly large and notched QS wave. In May 1956 the T wave was sruall 
and upright in lead I. 


He was given a disability pension for urticaria aggravated by service but not for coronary thrombc sis. F 
On appeal, however, his pension was increased and both causes were accepted as aggravated by serv ce. F 
He has continued to get on well. He has taken over a shop in the West country and works very hird F 
He has had no urticaria since 1957, when it was not severe, and no angina at iny 


throughout the summer. 











tin 


iso 
syn 


int 
on 
alle 
in t 


and 
of t 
han 
this 
giar 
$0 ¢ 
urti 
urti 
tula 
dar 


illne 
the 

sho 
som 





the se 


hro: t, 
che t. 
sicia 1s 
S$ CC 1- 
ider 9- 


befc re 
oub e- 
ospi al 
al rash 
he | ps 
extcn- 
T weve 
tion of 
of the 
ion up 
ing the 


ide the 
ht that 
nuscle, 
ait for 
aria in 
it died 
on and 
ing my 


n 1940- 
casions 
*r much 
| he had 
Decem- 
therapy, 


y for 16 
another 
Halton 
V2, V3, 
‘re more 
ie was in 
ths after 


October 
rere ‘vas 
ded: the 
wave in 
as srall 


ymbc sis. & 
serv ce. & 


ery hird 
la at iny 











ELECTROCARDIOGRAPHIC CHANGES WITH ALLERGIC URTICARIA 635 


time, even on strenuous exertion, since 1954. The T wave in lead I had become more upright in 1958 and 
T in V6 upright instead of flat in October 1959, but there were still large QS waves in V1 to V4. 


Comment. In younger patients with cardiac infarction there is more reason to look for some 
sj ecial cause such as abnormalities in fat metabolism or a family history. Nothing unusual 
cc uld be found about the dietetic habits of this patient. He neither avoided fat nor ate an unusual 
ai 1ount of it, though he was fairly liberal with butter. His blood cholesterol in 1955 was 177 mg. 
pr 100 ml. It is true that his father had died recently at the age of 65 with pneumonia and cardiac 
in arction, but there was no other known family history and his mother was well and all his four 
gi indparents had lived till the eigth or ninth decades and were not known to have died from coronary 
hc art disease. The patient’s coronary symptoms seemed to be closely associated with his giant 
ui icaria and M.C. therefore wrote to his doctor “He could be an exceptional case where he had giant 
ul icaria of the heart muscle producing the changes like coronary thrombosis. Ido not know of such 
a ase being proved. His outlook is good in any case, but would be even better if this were true.” 


DISCUSSION 


Electrocardiographic changes indicative of myocardial infarction and ischemia have been 
re orted during serum sickness (Roussak, 1954), and it is accepted that certain drugs may also 
ca ise changes in the cardiogram suggestive of myocardial ischemia with or without associated 
sy nptoms. Foster and Layman (1952) have reported cardiographic findings suggesting myocardial 
in arction associated with urticaria presumed to be due to hypersensitivity to cincophen. Three 
cases of hypersensitivity to acetyl salicylic acid expressed by ‘‘an angina pectoris syndrome,” in two 
cases accompanied by urticaria, were reported by Shookhoff and Lieberman (1933); cardiographic 
changes were reversed within two minutes of the giving of adrenalin. A patient was reported by 
Werley (1932) who, in an attack of angina pectoris with angioneurotic cedema and migraine, had 
isoelectric T waves in lead II, the T waves becoming upright and of normal height one week later when 
symptoms had subsided. 

An allergic basis may well explain the symptoms and findings of our Case 1. This is suggested 
in the light of the two comparable illnesses that occurred acutely and settled rapidly and completely, 
on both occasions associated with an urticarial rash and on the second following on a possible 
allergen in the form of tinned fish. Coronary artery involvement in the allergic process, whether 
in the form of spasm or swelling could provide the electrocardiographic changes pictured here. 

It is of interest to us that so little reference has been made to the association between urticaria 
and cardiographic changes. The fact that one of us has seen two cases in the past four years, one 
of the patients having had two episodes, would suggest that it is not a rare condition. On the other 
hand Maurice Campbell, with his wide experience and on the alert since 1955, when he first suspected 
this association, has not seen a second one. His patient (Case 3) is like our Case 2 in that both had 
giant urticaria and the onset of symptoms was related to this event. The fact that our case cleared 
so quickly prompted the suggestion that there was localized involvement of a coronary artery by the 
urticarial process (? swelling, ? spasm). Possibly, Campbell’s suggestion that his case had giant 
urticaria of the heart muscle may explain the changes being of longer duration and one might pos- 
tulate that the urticaria of the heart muscle, if extreme and not clearing rapidly, might produce local 
damage of a sufficient degree to leave residual ill effects. 


SUMMARY 


We have reported the case of a young man, who, in the space of eighteen months, has suffered two 
illnesses characterized by severe gripping central chest pain, associated each time with urticaria and 
the second time following the eating of tinned fish. On both occasions the electrocardiogram 
showed changes indicative of ischemic heart damage: it returned to normal on the first occasion 
some time within forty-eight hours and on the second some time within three days. An allergic 
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basis to the electrocardiographic changes is suggested. We have compared them with two oth r 
cases. 

Cases 1 and 2 had many similar features but in the latter the urticaria was massive. In bo 
the cardiographic changes cleared rapidly and completely. Case 3 differs in that although t! 
cardiographic changes were apparently related in time to the onset of massive urticaria, they ha 
been slower toclear. Inthe abscence of any clear picture of what is causing the cardiographic abne ° 
malities, it may be that the apparent differences in recovery rates are not incompatible with t! e 
suggestion made separately by Campbell and ourselves that the urticaria was the factor responsit e¢ 
for the changes, our ideas varying as to the exact method of how the urticaria affected the heart ai d 
thereby produced the effects seen in the electrocardiogram. 


Oo orf 


We are very grateful to Dr. Maurice Campbell for sending us the details of his case. 

We should like to express our thanks to Professor Stanley Alstead and Dr. Wm. Fulton for access to the recor js 
while the patient was under their care in Stobhill General Hospital, to Dr. J. Lawson, Physician Superintendent of 
Ruchill Hospital, for permission to report the case and to Mr. P. Waldie, Medical Photographer, Stobhill General 
Hospital, for the electrocardiograms. 
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TIME RELATIONSHIPS OF THE LEFT ATRIAL V WAVE IN 
MITRAL VALVULAR DISEASE 
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Blood flowing into the left atrium during ventricular systole causes an increase in pressure 
kr own as the “‘v’’ wave. From the apex of the “v’’ wave pressure declines in the “y”’ descent. 
D agnostic formule have been based upon the assumption that the summit of the ““v”’ wave marks 
th: opening of the mitral valve and the whole of the “‘y” descent represents atrial emptying. This 
hy pothesis is not consistent with the observation that the “‘v”’ peak may occur earlier, even before 
th: aortic valve has closed (Luisada and Liu, 1959; Rich, 1959). 

The purpose of this communication is to examine the relationship of the left atrial ““v”’ peak 
to aortic valve closure and mitral opening in patients disabled from chronic rheumatic heart disease. 


MATERIAL AND METHODS 


Eighteen patients disabled from chronic rheumatic mitral valvulitis were selected for study on 
the grounds of their freedom from evidence of hypertensive, ischemic, and aortic valvular disease. 
Each was examined clinically, cardiographically, and radiologically. In ten the mitral valve 
was examined at valvotomy or open-heart operation by Mr. G. H. Wooler. 

The left heart was catheterized through the fossa ovalis (Ross, 1959) in the manner described by 
Nixon 1960(a). Indicator dilution curves were obtained by injecting blue dye into the left atrium. 
Pulmonary and mitral phonocardiograms were recorded with simultaneous brachial arterial and left 
atrial pressure pulses and the electrocardiogram by the N.E.P. galvanometric camera. Atrial pres- 
sure pulses were obtained with Statham P23G transducers through 90 cm. lengths of P.E. 50 catheter 
(Clay-Adams, Inc.). Brachial arterial pulses were obtained through Cournand needles connected 
to Statham P23D transducers by 30 cm. lengths of thick walled inelastic tubing of 3 mm. internal 
diameter. N.E.P. amplifiers were used for sound and pressure recording. By exploding a balloon 
inflated over the end of a catheter held close to the phonocardiograph microphone it was possible 
to compare transmission times from catheter tip and microphone to the camera, and to measure 
the time taken for the catheter-transducer-amplifier-galvanometer system to record an instantaneous 
fall from full scale deflection to zero pressure. 

All records were obtained at a paper speed of 80 mm. per second during an expiratory pause. 
High or medium frequency phonocardiograph filters (Leatham, 1952) were employed. Aortic valve 
closure was assumed to be responsible for the first vibrations of the second heart sound in the pul- 
monary area. Time intervals were measured with a lens and graticule to the nearest 1/10 mm. from 
the onset of aortic valve closure vibrations. Measurements were averaged for at least ten beats and 
expressed to the nearest 1/100 second. The opening snap was identified by its high frequency 
vibrations occurring later than aortic and pulmonary valve closure transients. The third heart 
sound in mitral regurgitation occurs at the time of the annular ascent point of the left atrial pulse 
(Nixon, 1961). This feature prevented any possibility of confusion between a third heart sound and 
the earlier mitral opening snap. 
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From the information obtained at clinical examination, special investigation, and operation it 
was possible to diagnose mitral stenosis in three cases, mitral stenosis with regurgitation in five, a: d 
mitral regurgitation in ten patients. Those with pansystolic mitral murmurs were consider: d 
disabled from mitral regurgitation when the diastolic murmur began explosively with a third sou: d 
at the annular ascent point (Nixon, 1961), when left atrial stasis waves occurred in diastasis (Nixc n 
and Wooler, 1961), and when the long diameter of the mitral valve measured 2-0 cm. or moe 
(Nixon and Wooler, 1960). Disability was attributed to mitral stenosis with regurgitation when t 
diastolic murmur began quietly immediately after the opening snap, when the pressure gradie it 
across the mitral valve persisted throughout the longest diastolic periods, and when the long di'- 
meter of the mitral orifice measured 1-5 cm. or less. 


RESULTS 


Heart rhythm, left atrial “‘v” peak pressure, and the findings at operation are presented in t.e 
table. Time intervals from aortic valve closure to left atrial “‘v’’ peak and mitral opening snip 
onset, and from “‘v” peak to mitral opening snap onset are also tabulated. 


TABLE I 
HEART RHYTHM, LEFT ATRIAL “‘v”’ PEAK PRESSURE, TIME INTERVALS, AND FINDINGS AT OPERATION 
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: cP | 6 | 28 288 | S25 
Mitral stenosis | ‘ | 
, ALF. 47 - 0-25 05 0-025 
y 4 | A.F. 17-5 | 1-25 cm. orifice. | 03 0-075 0-045 
No regurgitation. 
3. | S.R. 24 1-7 cm. orifice. 0-02 0-1 0-08 
| No regurgitation. 
Mitral stenosis with regurgitation | | 
4. ALF. 23 | _ 0-02 0-07 | 0-05 
5. | AF. 26 | 0-8 cm. orifice. | —0-002 0-1 | 0-1 
Slight regurgitation. 
6. S.R. 23 0-8 cm. orifice. 0-04 0-06 0-02 
Regurgitant jet. | | 
y J AF. 38 1-5 cm. orifice. 0-02 0-04 0-02 
Regurgitation present. 
8. | ALF. 27 | 1-5 cm. orifice. 0-04 0:07 | 0-03 
| Regurgitation present. 
Mitra! regurgitation | 
9, AF. 30 — 0-03 0-08 0-05 
10. ALF. 44 — | 0-01 0-06 0-05 
11. AF. 17 | san | 0-04 0-08 0-04 
12. AF. 46 | -- | 0-04 0-05 0-01 
13. AF. » 32 — | 0-01 0-05 0:04 
14. ALF. 50 — 0-03 0-05 0-02 
15. | ar | 30 | 2-5 cm. orifice. | 0-01 0-09 | 0-08 
Severe regurgitation. | 
16. A.F. 33 3 cm. orifice. | 0-002 0-1 0-1 
| | Severe regurgitation. 
17. | A.F. | 25 4-5 cm. orifice. 0-02 0-07 0:05 
| Severe regurgitation. 
18. AF. 62 | 5-0 cm. orifice. 0-02 0-07 0-05 
Severe regurgitation. 
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LEFT ATRIAL V WAVE IN MITRAL DISEASE 














Fic. 1.—Mitral stenosis. Simultaneous pulmonary and mitral phono- 
cardiograms, brachial arterial and left atrial pressure pulses, and 
electrocardiogram. 1, 2=first and second heart sounds. O=mitral 
opening snap. a, c, v, and x, y=left atrial “a”, “‘c”, ““v” waves and 
“x” and “y” descents. 

A=annular ascent point. P.A. and M.A.=pulmonary area and 
mitral area. H.F.=high frequency. L.A.P.=left atrial pulse. B.A. 
=brachial arterial pulse. 











(a names ECG 


Fic. 2.—Mitral stenosis with regurgitation. Simultaneous pulmonary and 
mitral phonocardiograms, left atrial pressure pulse and electrocardio- 
gram. T.M.=tricuspid followed by mitral valve closure. M.F.= 

medium frequency. (Other symbols as for Fig. 1.) 
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Fic. 3.—Mitral regurgitation. Simultaneous pulmonary and mitral phono- 
cardiograms, left atrial pressure pulse, and electrocardiogram. 3=third 
heart sound and onset of a loudly beginning diastolic murmur. (Other 
symbols as for Fig. 1 and 2.) 
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Fic. 4.—Mitral stenosis. Simultaneous left atrial, left ventricular 
and brachial arterial pressure pulses obtained with equisensitive 
transducers at cardiac catheterization. Left ventricular 
pressure falls below atrial at a point later than the apex of 
the “‘v’” wave. This point corresponds with the mitral 
opening snap. 
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The balloon experiment proved the recording system delayed pressure events 5 millisecondslonger 
than soundevents. Correction has been made for this lagin the table. The experiment also showed 
that the pressure system required 9 milliseconds to record an instantaneous fall from full scale 
deflection to zero pressure. 

In one case of mitral stenosis with regurgitation the apex of the “‘v”’ wave occurred 0-002 sec. 
before aortic valve closure. In the remaining seventeen patients the ““v”’ peak was recorded 0-01 to 
0-4 sec. after aortic closure. The interval did not appear to be related to the nature of the 
m tral valvular lesion. 

Opening snap vibrations began 0-04 to 0-1 sec. after aortic valve closure, and 0-01 to 0-1 sec. after 
th» peak of the left atrial ““v”’ wave. In nine patients the latter interval measured 0-05 sec. or more. 

Fig. 1, 2, and 3 are examples of tracings from patients with mitral stenosis; mitral stenosis 
w h regurgitation; and mitral regurgitation respectively. 


DISCUSSION 


Wood (1956) considered that atrioventricular valve opening was responsible for initiating the 
at ial “‘y”’ descent. Fox et al. (1956) and Marshall and Wood (1958) agreed with his belief, which 
is urprising, because their records of simultaneous left atrial and ventricular pressure pulses showed 
ve itricular pressures falling below atrial at points appreciably later than the peak of the “‘v” wave. 
Tiacings published by Braunwald et a/. (1955) and Luisada and Liu (1959) showed similar features 
wlich agree with the present finding that mitral opening snaps occur 0-01 to 0-1 sec. after the peaks 
of the left atrial ““v”’ waves (Fig. 4). 

These observations raise a question of importance, namely, by what mechanism is left atrial 
pressure reduced before the mitral valve opens? If deceleration of regurgitant flow in the period of 
reduced ejection is responsible, it is likely that the “‘v”’ peak would occur earlier in relation to aortic 
closure in patients with mitral regurgitation. This does not appear to be the case. Again, if 
reflux of blood from atrium into pulmonary veins was responsible, some association with regur- 
gitation rather than stenosis might be expected. Flow from atrium to ventricle through a rigid 
mitral orifice before the aortic cusp snapped into the “‘open”’ position is a possible explanation. 
The absence of any relationship between the extent of the fall and the size of the mitral orifice 
suggests that this is not the correct explanation. 

Radner (1957 and 1958) eloquently described active left ventricular dilatation preceding the 
closing of the semilunar cusps and the opening of the mitral valve. Active dilatation of the atrio- 
ventricular “‘ring’’ appears to be the most reasonable explanation for the decline in left atrial 
pressure between the peak of the “‘v”’ wave and the mitral opening snap. 

Morrow et al. (1957) and Neustadt and Shaffer (1959) attached diagnostic importance to the rate 
of “‘y”’ descent in the first tenth of a second from the peak of the “‘v”’ wave, believing that it was 
related to the rate of atrial emptying through the mitral orifice. The failure of their formule to dis- 
tinguish the various grades of mitral regurgitation may stem fron the fact that the first 0-1 sec. of ““y” 
descent can take place before the mitral valve opens. 

Left atrial pressure pulses may now be obtained through the atrial septum quite simply at cardiac 
catheterization (Ross, 1959; Nixon, 1960(a)). Their interpretation is not so simple. In fact, if the 
heart rate is not slow enough for a rise in left atrial pressure to be demonstrated during the period 
of diastasis (Morrow et al.,1957; Nixon and Wooler, 1961), it may be impossible to distinguish cases 
of pure stenosis from those with severe regurgitation. Some of the reasons have been discussed 
previously (Nixon, 1960 (6)). When Luisada and Liu (1956) and Rich (1959) claimed that the “v”’ 
peak occurred sooner in mitral regurgitation than in mitral stenosis it was hoped that the relationship 
in time of “‘v” peak to aortic closure would have diagnostic valve. In the present series of cases the 
interval appeared to be unaffected by the presence of regurgitation. The series is small and influ- 
enced by selection, but it is unlikely that a characteristic of practical value would have failed to 
appear. 
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Rich (1959) found mitral insufficiency shortened the second sound—opening snap interval. It 
did not appear to do so in the present series of cases. 

Julian and Davies (1957) recorded wedged pulmonary artery pressures simultaneously wi h 
phonocardiograms and observed that ““v” peaks preceded the opening snaps. They consider :d 
this an impossibility and attributed their findings to artefact. It is likely that such difficulties w Il 
persist so long as wedged pulmonary artery pressures are substituted for left atrial pressure puls' s, 


SUMMARY AND CONCLUSIONS 


Heart sounds and left atrial pressure pulses were recorded simultaneously in eighteen patie: ts 
disabled from mitral stenosis, mitral stenosis with regurgitation, or mitral regurgitation. 

Diagnostic criteria and methods of investigation and measurement are described in detuil 
sufficient for the work to be repeated. 

With one exception, using the method described, left atrial ““v”’ peaks occurred 0-01 to 0:4 
sec. after aortic valve closure; and 0-01 to 0-1 sec. before mitral opening snap vibrations. 

These time relationships were not apparently affected by the presence of moderate or severe 
mitral regurgitation. 

It is suggested that active dilatation of the atrio-ventricular ring causes left atrial pressure to fall 
from the apex of the “‘v” wave to the point at which the mitral valve opens. 

Diagnostic formule that relate the first 0-1 sec. of “‘y”’ descent to atrio-ventricular blood flow 
are based upon the apparently incorrect assumption that left atrial “‘v’”’ wave peaks coincide with 
mitral valve opening. 

The presence of mitral regurgitation does not appear to shorten the interval between the second 
heart sound and the mitral opening snap. 


I am deeply indebted to Mr. G. H. Wooler, Professor R. E. Tunbridge, Dr. J. R. H. Towers, and Dr. W. Whitaker 
for making this work possible, and for their support and encouragement. 

Mr. R. Addyman, Staff-Nurse E. M. Kirkbride and Mr. H. M. Snow are to be thanked for their enthusiastic 
assistance. 

The Board of Governors of the United Leeds Hospitals, the Trustees of the Nuffield Foundation, the Medical 
Research Council and private benefactors have generously provided funds for equipment and technical assistance. 
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Left heart catheterization has become an increasingly important method for the pre-operative 
assessment of patients with congenital or acquired heart disease, and in recent years a variety of 
te :-hniques have been introduced for gaining access to the left atrium and left ventricle (Morrow et 
al., 1960). When the usual clinical examinations indicate the need for such study the physician 
must select the method of left heart catheterization that will provide the information, in a particular 
patient, with a minimum of risk and discomfort. One of the techniques most commonly employed 
for access to the left ventricle is anterior percutaneous puncture. Although this method has been 
widely used since it was described and popularized by Brock and co-workers in 1956, relatively 
little information is available concerning experiences with this technique (Fleming et al., 1958; and 
Raynaud et al., 1959). At the National Heart Institute left ventricular puncture has been employed 
in the course of 226 hemodynamic studies. The present report constitutes a description of the 
techniques and a summary of the experience with the procedure in this clinic. 


TECHNIQUE 


Left ventricular puncture is performed only in the operating room or cardiac catheterization 
laboratory. Systemic arterial pressure and the electrocardiogram are continuously monitored 
throughout the study. Equipment for internal and external cardiac defibrillation is immediately 
available and a surgeon experienced in the techniques of resuscitation is present. Adult patients are 
given pentobarbital 100 mg., orally, one hour before the procedure. Children usually receive a 
combination of meperidine, phenergan, and promazine, which is supplemented during the catheteri- 
zation, if necessary, with light general anesthesia. 

With the patient in the supine position the proposed site of puncture is selected. In most 
patients the apical approach is preferred. The skin and chest wall over the apical impulse are 
liberally infiltrated with a local anesthetic agent down to the pleura. A 20 gauge needle, 10 cm. in 
length, is attached to the three-way stopcock on the end of a Statham P23D pressure transducer. 
The side arm of the stopcock permits the injection of saline and indicator solutions during the pro- 
cedure. The baseline or zero point for the pressure recording is determined with the needle and 
gauge held in the position in which the puncture will be made. As the electrocardiogram and 
the pressure at the needle tip are continuously observed on a cathode-ray oscilloscope, the 
needle is advanced through the chest wall and directed toward the second right intercostal space in a 
643 
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Fic. 1.—Technique and anatomical landmarks used in 
percutaneous left ventricular puncture. Both the apical 
(A and B), subxyphoid and parasternal (C) routes are 
illustrated. (Reproduced with permission from A.M.A. 
Archives of Internal Medicine.) 


posteromedial direction so that the needle enters the cavity of the left ventricle in its long axis (Fig. 1, 
A and B). The initial phasic pressure observed is often an intramyocardial one and may be 
distinguished from the true left ventricular pressure by its contour (Fig. 2). With further insertion 
the needle will usually enter the cavity of the ventricle. If, however, the puncture is unsuccessful the 
needle is withdrawn and redirected, usually more posteriorly. After satisfactory pressure tracings 
have been recorded, indicator dye or radioisotopes may be injected for the determination of cardiac 
output or the detection and localization of circulatory shunts (Long et a/., 1960 and Cornell et a/., 
1961). 
The parasternal and subxyphoid routes (Fig. 1, C) are alternative approaches to the left ventricle. 
With each of these methods the needle is directed so that it traverses the right ventricle and inter- 
ventricular septum before entering the cavity of the left ventricle. Care must be taken to distinguish 
right and left ventricular pressures, particularly in patients with right ventricular hypertension. 
After the procedure has been completed the patient’s arterial pressure and electrocardiogram are 
observed for approximately twenty minutes before he leaves the catheterization laboratory. Upcn 
his return to the ward the pulse and blood pressure are observed for several hours and a chest 
roentgenogram is obtained within the first hour. 


RESULTS 
Percutaneous puncture of the left ventricle was performed on 226 occasions in a total of 2(2 
patients ranging in age from six weeks to 62 years. Thirty of the patients had acquired aortic vale 
disease, 66 acquired mitral valve disease, 31 combined acquifed valve lesions, 49 congenital aort c 
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Fic. 2.—Recordings of brachial arterial (BA) left atrial (LA) and left ventricular (LV) pressures 
obtained in the course of percutaneous left ventricular puncture and transseptal left atrial 
puncture. The tracings marked M in segments A and B are representative of those obtained 
when the needle tip does not lie freely in the left ventricular cavity. 
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stenosis, and 26 had various forms of congenital heart disease other than aortic stenosis. The 
procedures were carried out by various staff members between 1957 and 1960. The data obtained 
during these studies were reviewed and the procedures were classified as to whether or not satisfactory 
left ventricular pressure tracings were obtained. The procedure was successful in 210 instances (93°%). 
There was no mortality in the series but significant complications developed in 14 studies (6°%) 
(Table I). These complications included pneumothorax, cardiac tamponade, and unexplained 
hypotension. Premature vertricular contractions usually occurred at the time of puncture and other 
transient arrhythmias were occasionally noted but none required specific treatment. Sustained 
ventricular tachycardia or ventricular fibrillation were never encountered. Pneumothorax occurred 
in 11 patients and was of sufficient magnitude in six of them to warrant aspiration or closed drainage. 

One patient with hypertrophic subaortic stenosis had multiple unsuccessful apical and parasternal 
punctures. About 30 minutes after the procedure he developed severe hypotension and the size 
of the cardiac silhouette was found by X-ray to be increased. Following pericardiocentesis in 
which 250 c.c. of blood were aspirated, the blood pressure returned to normal and no further treat- 
ment was necessary. Two patients became hypotensive after the procedure without signs of cardiac 
tamponade, and required vasopressors for a short period of time. It is of interest that seven of the 
complications (50°%) occurred among the 16 patients in whom the procedure was unsuccessful. 
Multiple punctures were performed in each of these seven patients. 





TABLE I 
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SIGNIFICANT COMPLICATIONS AFTER LEFT VENTRICULAR PUNCTURE 


















































Patient | a | Diagnosis | Entry into left ventricle Complications Treatment 
y. 
C. W. 33 | Cong. A.S., preop. | Satisfactory | Pneumothorax <15% | None 
R. B. | 15 | Cong. A.S., preop. | Unsuccessful, multiple Pneumothorax <15% | None 7 
| | punctures 
M.B. | 62 Acq. A.S., A.R., preop. | Successful, but required Pneumothorax, | Closed 7 
| several punctures complete | drainage 
M. S. 17 | Subaortic stenosis, | Satisfactory Pneumothorax <15°% | None 
postop. | 
H. S. 35 | Cong. A.S., postop. | Satisfactory Pneumothorax 25°% | Aspiration 
W. M. 42 | Acq. A.S., preop. | Satisfactory | Pneumothorax, | Aspiration 
| complete | 
= A | 11 | Cong. A.S., preop. | Satisfactory | Pneumothorax <15% | None 
G. H. 10 | Cong. A.S., preop. Successful, but required | Pneumothorax 15°% | Closed 
several punctures | drainage 
R.M. | 53 | Acq. A.S., preop. | Unsuccessful, multiple Pneumothorax 15% | Aspiration 
| punctures 
P. P. | 42 | MS., preop. | Satisfactory | Pneumothorax <15% | None 
cH. | @ M.S., M.R., A.S., A.R., | Unsuccessful, multiple | Pneumothorax 25°% | Closed 
preop. punctures | drainage 
CG | 22 | Hypertrophic subaortic | Unsuccessful multiple Cardiac tamponade | Aspiration 
stenosis, preop. | parasternal punctures | 
W.P | 40 M.S., preop. Unsuccessful—several Transient hypotension; | Vasopressor 
| punctures minimal 
| | pneumothorax | 
Dw. | 53 | A.S., postop. | Unsuccessful Transient hypotension | Vasopressor 





A.S.=aortic stenosis. 


A.R.=aortic regurgitation. 


COMMENT 


M.S.=mitral stenosis. 


Six basic methods of left heart catheterization have been developed in recent years. 


M.R.=mitral regurgitation. 


These 














include the posterior percutaneous, transbronchial, retrosternal, and transseptal approaches for left 
atrial puncture and the retrograde arterial and anterior percutaneous approaches to the left ventricle. 
Of the four techniques for entering the left atrium, modifications of all but the retrosternal method 
also permit a catheter to be introduced across the mitral valve into the left ventricle. This means of 
obtaining left ventricular pressure is not always successful, particularly if there is significant mitral 
regurgitation. Since knowledge of the left ventricular pressure is required to determine pressure 
gradients across the mitral and aortic valves, a direct method of access to the ventricle is often 
necessary. 

Of the two methods for direct determination of left ventricular pressure, the retrograde approach 
across the aortic valve was the first to be used. (Zimmerman et al/., 1950). This method has becn 
improved by Seldinger’s modification (1953) which permits a catheter to be introduced into tle 
brachial or femoral artery percutaneously without surgical exposure of the vessel. Although 
normal and incompetent aortic valves may usually be traversed with ease with this technique, n 
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cur experience it is difficult and frequently impossible to enter the left ventricle across a stenotic 
aortic valve. 

The other means of obtaining left ventricular pressure without left atrial catheterization is direct 
puncture of the ventricle through the chest wall as described above. It has the advantages of requiring 
little time, of being relatively easy to perform, and of causing little discomfort to the patient. 
Furthermore, when used with one of the methods of left atrial puncture, it permits the recordings 
c simultaneous atrial and ventricular pressure tracings and the precise measurement of a diastolic 
rf essure gradient across the mitral valve (Fig. 2, C). 

In assessing the severity of aortic stenosis, left ventricular puncture is performed in conjunction 
v ‘th a measurement of the brachial artery or central aortic pressure. The size of the stenotic 
c ifice may then be estimated using the Gorlin formula, from the systolic pressure gradient between 
t:e left ventricle and the aorta, and the left ventricular output as determined by the indicator 
d lution technique. A simple measurement of left ventricular pressure does not localize the site 
© outflow obstruction, information which is often necessary in the assessment of congenital lesions. 
V hile it is possible to catheterize the aorta through a 16 gauge needle introduced into the ventricle, 
t| e use of a needle of this size increases the hazard of the puncture. Fleming et al. (1958) reported 
t''o deaths from cardiac tamponade in a series of 59 patients in whom a 16 gauge needle was em- 
p oyed. 

Left ventricular puncture may also be used for the injection of radioisotopes or for contrast 
r:diography. The injection of a saline solution of Kr®5 into the left ventricle while the radio- 
a tivity of the expired air is monitored, for example, will sometimes demonstrate the presence of 
siiall ventricular septal defects that cannot be detected by other means. Left ventricular angio- 
c.rdiography may also be performed through a percutaneous needle (Lehman ef al., 1957). While 
the retrograde and transseptal techniques (Brockenbrough and Braunwald, 1960) for the rapid 
injection of contrast media are preferred in this clinic, these approaches are sometimes not feasible, 
particularly in infants or small children. In such circumstances percutaneous ventricular puncture 
is a valuable alternative method. 

Significant complications occurred after 6 per cent of the 226 left ventricular punctures, but the 
majority of these were not serious. While this is not a high incidence it is greater, in our experience, 
than that associated with either the transbronchial or transseptal techniques of left heart catheteri- 
zation. Accordingly, in pre-operative patients we prefer to employ the transseptal approach; 
percutaneous puncture of the ventricle is used only if the ventricle cannot be entered with a catheter 
passed from the left atrium. Complications are less common in after operation patients in whom the 
pleural and pericardial spaces are obliterated. Percutaneous left ventricular puncture, therefore, 
lends itself well to the study of patients who have been operated upon for aortic valvular disease and 
in whom knowledge of the left atrial pressure is not essential. 

In all patients the number of complications will be minimized if a needle of no greater calibre 
than 20 gauge is used and if attention is paid to the anatomical landmarks so that multiple punctures 
of the myocardium may be avoided whenever possible. If entry into the left ventricle is unsuccessful 
after several punctures the increased risk of continuing the procedure must be considered. The 
consequence of pneumothorax, hypotension, or tamponade will be substantially reduced if these 
possible hazards are recognized, if the patient is carefully observed following the study, and if 
prompt treatment is instituted should signs of one of them appear. 


SUMMARY 


Percutaneous puncture of the left ventricle was performed in the course of 226 hemodynamic 
studies in 202 patients with congenital or acquired heart disease. No deaths occurred but significant 
complications were observed after 14 of the procedures. The technique of left ventricular puncture 
is described and the relative advantages and disadvantages of this method of left heart catheterization 
are discussed. 
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Unipolar chest leads are said to be selectively sensitive to local potential variation, while limb 
le ds record the heart’s total electromotive force without pronounced regional preference. This 
di ision did not seem tenable in experiments on leads I, V2, and V5, using torso models of varying 
shape with hearts of variable size and position (Fischmann and Barber, 1961). In most of the 
ex seriments each of the three leads showed unequal sensitivity to different cardiac areas, amounting in 
some instances to a strong local bias. The bias however depended as much on the characteristics of 
the model as on the leads, and in some models was as pronounced in lead I as in the “unipolar” leads, 
whereas in other models, V2and V5 did not show the expected local bias. Since each of the three leads 
recorded mixtures of unpredictably weighted contributions from various cardiac regions, there was 
no meaningful and calculable quantitative relationship between a lead and the heart’s forces as a 
whole or in part. 

Three orthogonal leads, each consisting of a pair of standard electrodes, are equivalent to but 
not better than the 12-lead conventional electrocardiogram in the diagnosis of hypertrophy 
(Threthewie, 1958; Fischmann, 1958; Jacono and Luisada, 1959). They are less satisfactory than 
conventional leads in the localized changes that accompany infarction (Abildskov et al., 1958; 
Lancaster et a/., 1960). In model studies simple bipolar orthogonal leads, including the most widely 
used VCG lead systems, share the aforementioned deficiencies of standard lead I (Fischmann and 
Barber, 1961). 

“Aimed electrocardiography,” a method that records dipole contributions from strictly 
limited cardiac regions and excludes contributions from other areas, has been described (Barber and 
Fischmann, 1961). 

The lead field concept of McFee and Johnston (1953, 1954a, b), based on the reciprocity theorem 
of Green (1828) and Helmholtz (1853), is an important advance toward leads which record sums of 
uniform contributions from all parts of the heart but the lead system proposed by Johnston’s group 
(Reynolds et al., 1956) does not fully exploit the possibilities of the concept. It follows from the 
concept that if current enters a torso model through the electrodes of a lead with uniform response, 
the equipotentials within the model will be straight, equidistant, parallel lines, perpendicular to the 
axis of the lead. It will be shown that in the horizontal plane, the equipotential fields of the Johnston 
sagittal and transverse leads deviate from this pattern, whilst in the frontal and sagittal planes the 
fields, especially that of the transverse lead, are uniform within a heart of normal size but not out- 
side it. Brody (1957) pointed out that “wrapping” a multiple electrode such as that employed in the 
sagittal lead of Johnston, results in a curved lead field (Fig. 1A). 

A new lead-system, also based on the McFee-Johnston lead field concept, is proposed. It 
includes an electrode which overcomes the Brody slope-effect (Fig. 1B). It has uniform lead fields 
649 





BARBER AND FISCHMANN 


Bc | 















































Fic. 1.—({A) “Wrapped” multiple electrode. Projection of electrode units on 
transverse axis crowded laterally. In equipotential plots this results in a 
curved field. (B) Slope effect eliminated by platform mounting. (C) 
Horizontal torso and heart contour, showing 5 arbitrarily selected intra- 
mural dipole positions. Torso 1, shown here and in most of the illustra- 
tions, and Torso 2 shown only in Fig. 3D, are taken from the cadaver cuts in 
Fig. 4 and 2 of Walmsley (1958), by courtesy of the author and the editors 
of the British Heart Journal. 


in three planes. The fields are uniform and continuous not only within the heart, but also through- 
out the chest to the torso surface, and are therefore calculable. The proposed leads will supply the 
heart’s total outward effective dipole moment, a parameter discussed by Gabor and Nelson (1954) 
but not hitherto clinically applied. 


THE PROPOSED LEAD SYSTEM (FIG. 2) 


As no paste is required, leads X, Y, and Z take as long to record, as three standard leads. Te 
anterior electrode of the sagittal lead Z (Fig. 2A) consists of 30 (6 x 5), the posterior electrode (F:g. 
2B) of 20 (5x4), small balsa wood units, impregnated under vacuum with lithium chlori le 
(Fischmann et al., 1961). The outer rows of each electrode enclose an oblong 14 by 10 in. Tue 
electrodes are placed astride the midsternal and vertebral lines respectively, their long sides paral el 
with these lines. The two electrodes of the transverse lead X are mounted on a transverse ber. 
Each of these two electrodes consists of 9 (3 x3) balsa units, the outer rows enclosing 7 by 6 i. 






oblon 
transy 

Tv 
diame 
plastic 





AN ELECTROCARDIOGRAPHIC LEAD SYSTEM 
















ugh- 
y the 
954) 


Fic. 2.—The proposed sagittal lead: (A) Platform-mounted 
Tre anterior electrode, (B) sheet-mounted posterior electrode. 
(F } (C) Balsa-lithium “mushroom.” 
g. 


ori le oblongs, each placed astride a midaxillary line, the long sides parallel to that line. Each of the two 
Tie transverse lead electrodes is connected to a balsa unit placed laterally on the neck. 

ral el Two methods of mounting the balsa units were employed: For the dorsal electrode, one in. 
ber. diameter, grooved balsa discs were “‘ buttoned” into slightly smaller circular holes in a transparent 
6 in. plastic sheet (Fig. 2B). The anterior and the two lateral electrodes consisted of platforms formed by 
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two perspex sheets and a wooden frame, penetrated at right angles by arrays of rigid plastic tubes. 
Small balsa ‘“‘mushrooms” (Fig. 2C) were forced into the lumina of the tubes. The tubes wee 
spring-loaded so that the ‘“‘mushrooms” were held away from the platform but sufficient vertical] 
movement was allowed to make contact possible regardless of body shape. When placed on the boc y, 
the electrodes are spaced as in Fig. 1B. It can easily be shown that this is equivalent to a unifor n 
peripheral spacing multiplied by the cosine of the slope at any point. A wire was attached to ea h 
balsa unit by a stainless steel pin and led away through 56,000 ohm resistors to a common termini: |. 
The vertical lead Y was a head to foot lead (White and Burwell, 1921). Balsa-lithium blocks wee 
interposed between skin and electrode instead of paste (Fischmann et al., 1961). 


TWO-DIMENSIONAL (2-D) LEAD FIELD ANALYSIS 


The lead fields of the proposed lead-system are compared with those of other leads developed o 
record the transverse and sagittal components of the heart’s total electromotive force. Several 
important orthogonal lead systems do not lend themselves to two-dimensional analysis at the heart 
level, and were not included. 

Method. Two horizontal torso outlines, to be called Torso 1 and Torso 2 borrowed from 
Walmsley’s (1958) cadaver cuts, with the kind permission of the author and the editors of this 
Journal, were scaled to have identical transverse diameters. The heart of Torso 1 (Fig. 1C) was 
used in both. The pectus excavatum in Fig. 5 was taken from a plaster cast of the living subject. 
Lead-equipotentials were plotted on Teledeltos paper (Brody and Romans, 1953), cut to torso shape. 
The complex and irrelevant field details in the immediate vicinity of the electrodes were ignored At 
five arbitrarily selected points within the heart, dipoles of unit strength were assumed to be present 
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Fic. 3.—Horizontal plane equipotentials of ‘‘transverse’’ leads: Fic. 4.—(A) McFee-Johnston X. (3) 
(A) Ideally uniform transverse, (B) McFee-Johnston, (C) Interrupted lines, field of propos :d 
Simple bipolar, (D and E) Multiple electrodes centered on transverse lead without arm electrod: s; 
anterior axillary line, (F) Proposed transverse lead. solid lines, with added arm electrod:s. 

(C) Proposed transverse lead with i- 
lateral neck electrodes. (D) Propos:d 
sagittal lead, sagittal plane field. 
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(Fig. 1C). The dipoles had X or Z directions depending on whether lead X or Z was studied. To 
study the effect of heart size, another set of dipoles was obtained by extending by one-half, the straight 
lines connecting S with each of the other dipoles. Table I shows the relative strength of the dipoles 
as recorded by each lead, calculated from the field plots, taking the recorded value of dipole S in each 
lead as unity. Table II shows relative values for dipole S in each lead, taking the S dipole recorded 
by a lead with a perfectly uniform field, as unity. 

Limitations of 2-D Models. A 2-D field-plot provides precise information about a 3-D body, if 
both body and electrode cross sections are identical for an infinite distance above and below the cut 
investigated. Using the McFee-Johnston sagittal lead, or our proposed sagittal and transverse 
le .ds, this condition is approximated in horizontal human torso sections at the heart level, less well 
in sagittal, not at all in frontal plane sections. It can be said however that if a lead is inadequate in 
a »-D field plot it will be so in 3-D, but a lead which appears satisfactory in 2-D must yet be shown 
tc be so in 3-D. 

Conductivity Distribution Within the Models. The resistivity of lung tissue was considered 
in inite by Katz et al. (1936), four times that of the rest of the body by Burger and van Milaan (1943) 
ard approaching that of the rest of the body by Schwann and Kay (1957). In view of the contra- 
di:tory data concerning the largest organ in contact with the heart, it is felt that models having an 
el-borate conductivity pattern are as likely to be in error as homogeneous models. The high 
re ative conductivity of the heart itself appears established beyond doubt (Burger and van Milaan, 
1¢43; Schwann and Kay, 1957) but as this organ is of finite extent up and downward, a high con- 
dictivity cardiac area, whilst desirable in 3-D models (Nelson et al., 1959) is of doubtful value in 
2-D plots. 

Leads Designed to Record the Transverse Component X (Fig. 3 and Tables I and II). The equipo- 
tentials of the perfect transverse lead are equidistant, parallel, straight sagittal lines and all dipoles 


TABLE I 


MerASURED VOLTAGES DUE TO UNIT INTRAMURAL DIPOLES, TAKING THE OUTPUT OF DIPOLE S AS UNITY IN EACH MODEL 
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Lead | Torso Heart | S | RV A LV 
size | 





Johnston (Fig. 3B) 1-00 
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Simple bipolar (Fig. 3C) 1-00 


p Arar, Bee 
a 


coOOR C&C 


UH ~ 
z 
a _—— i OOO 
S & 


Bm S ~1\0 60 


> 


Proposed (Fig. 3F) 





» Seems 
S B&SR08 





km Ne em Re ee 





Johnston (Fig. 5) 


Simple bipolar (Fig. 5) 





Unipolar lead (Fig. 5) 
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S, RV, A, LV, and B are intramural points as in Fig. 1C. Another set of four points, representing an “en- 
larged’”’ heart was obtained by adding 50 per cent to the straight lines connecting S with each of the other 4 points. 
N, normal; L, “‘enlarged” heart. Measurements are subject to the limitations imposed by 2-D models, as discussed in 


text. Torso 1 and Torso 2: see legend of Fig. 1C. 
*VB: lead Z of the tetrahedron lead system. 
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TABLE Il 


RELATIVE VALUES FOR D1PoLe S (Fic. 1C) IN EACH LEAD, TAKING THE S DIPOLE RECORDED BY A LEAD WITH IDEALL ¢ 
UNIFORM FIELD, AS UNITY 











Lead Torso 1 Torso 2 
Johnston (Fig. 3B) xX 0-82 1-06 
Simple bipolar (Fig. 3C) xX 1-40 1-64 
Proposed (Fig. 3F) xX 1-00 1-00 
Johnston (Fig. 5) Z 1-10 0-93 
Simple bipolar (Fig. 5) Zz 1-75 1-50 
Unipolar lead (Fig. 5) VB 0-12 0-22 
Proposed (Fig. 5) Zz 1-00 1-00 











X’s to be kept separate from Z’s, since the proposed lead X gives a higher voltage output than the proposed Z, by 
afactor 1-33. Measurements are subject to the limitations imposed by 2-D models, as discussed in text. Torso lard 
Torso 2: see legend of Fig. 1C. VB: lead Z of the tetrahedron lead system. 


have a recorded magnitude of 1-0. The equipotentials of the McFee-Johnston X leads fan out 
toward the front. The field is more uniform behind than within the heart, with decreased sensitivity 
to anterior dipoles. A marked difference between RV and the posterior dipoles, the difference 
increasing with heart size, is seen in Tables] andII. A transverse bipolar chest lead with anatomical 
axis through the heart (White and Burwell, 1921; Wenger and Hupka, 1956) gives a more uniform 
intracardiac field but considerable inter-dipole variation still occurs with the larger heart. Three 
electrodes placed astride the anterior axillary lines, with two kinds of spacing, have fields similar to 
that of the bipolar chest lead. 

A highly uniform field is achieved by spacing three electrodes 3 in. apart and placing them astride 
the midaxillary lines. Fig. 4 shows that the frontal plane field of this arrangement is further im- 
proved by an electrode placed laterally on the neck. 

Leads Designed to Record the Sagittal Component Z (Fig. 5 and Tables I and II). The equipo- 
tentials of the ideal sagittal lead are equidistant, parallel, straight transverse lines and all dipoles 
have recorded magnitudes of 1-0. The field of the Johnston Z lead shows convergence of equipo- 
tentials toward the left. The calculated dipole magnitude shows variation within each of the two 
torsos. Sensitivity of the lead, to torso shape and heart size, is suggested by the difference in the 
extent of inter-dipole variation in the three sets shown for this lead in Table I and the difference 
between the S dipoles of torsos 1 and 2 (Table II). A single electrode in front and behind the heart 
(White and Burwell, 1921; Wenger and Hupka, 1956; Jacono and Luisada, 1959) gives a more uni- 
form field in the horizontal plane than does the sagittal McFee-Johnston lead. Lead VB, used to 
supply the Z component of the tetrahedron lead-system, has a highly inadequate field. It records an 
unpredictable mixture of Z and X dipole components. The field strength within the heart itself is so 
small as to render the calculation of dipole strength difficult. The values shown for VB in the tables 
are therefore approximate. They suggest highly unequal sensitivity to dipoles throughout the heart. 

The horizontal 2-D lead-field of the proposed sagittal lead is uniform in torsos 1 and 2, in the 
presence of breasts, and in a torso with pectus excavatum. It approximates the ideal sagittal lead, 
regardless of chest shape (Fig. 5). 

The Vertical Component Y. A head-to-foot lead was used. It is seen in Fig. 6 that the field of 
this lead is only approximately uniform. A Y lead with a more satisfactory field is being developed. 

Quantitative approach to Electrocardiography. The proposed lead-system was designed 0 
fulfil two essential conditions of a quantitative relationship between the heart’s total force and tie 
ECG: First, lead fields must be uniform and calculable throughout the body to the body surface. 
Lead systems with uniform fields within the heart but not throughout the torso, record voltages which 
are proportional to the dipole moment but do not give the quantitative value of the latter. Second, 
as far as practicable, electrodes must cover all areas, where X and Z components respectively a-e 
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Fic. 5.—Horizontal plane equipotentials of “sagittal” leads: (A) Ideally uniform 
sagittal, (B) McFee-Johnston sagittal, (C) Simple bipolar, (D) Sagittal lead of 
tetrahedron. (E-H) Proposed sagittal lead, (E) Torso I, (F, G) Breasts added 
to Torso I, (H) Pectus excavatum from plaster cast of patient. 
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present. They must therefore extend as far as possible in all directions beyond the region of th: 
heart. 
The Total Dipole Moment of the Heart. A curren 
A 3 dipole is a doublet consisting of a source of current I amp 
and an equal current sink situated a short distance “: 
cm.” away. The dipole moment M is defined as the pre- 
duct (I.d.). By integrating over the body surface (Gabo- 
and Nelson, 1954), i.e. summing the individual voltagx - 
area (V.A.) contributions of each unit of a multiple elec - 
trode, the heart’s resultant total outward directed dipo!: 
moment is obtained. The X and Z components of th: 
moment are given by the formule 
Mx= OV -AY) Mz= Ov AXY) 
p p 
Mx and Mz are the total dipole moments in the X and 7 
directions, Ayz and Axy areas of the left and anterior 
pres electrode banks respectively and p the mean resistivity of the 
“ve, ~~ ler bie we Thickset body, V is the voltage measured between the pairs of the 
: electrode banks in each case. The right and dorsal elec- 
trodes deduct right and backward X and Z components. 
The area A of a multiple electrode is the number of balsa units multiplied by a small square area 
enclosing the unit and extending half a unit space in 4 directions. This is equivalent to an area 
enclosed by a rectangle lying half a space outside the cluster. It applies precisely if the squares 
are infinitely small or the fields within them uniform. Correction for any single unit not in contact 
with the skin is impossible, as its voltage contribution is unknown. A complete marginal row not in 
contact, systematically decreases the electrode area and correction is possible. Voltages outside 
area A have been neglected. The error due to this has been estimated in teledeltos models and found 
to be no greater than 10 per cent. 
Mean body resistivity is taken as 480 ohms. cm., Burger and van Milaan (1953) and Schmitt 
(1957) having observed values of 450 and 489 respectively. 





The Y component of the heart’s dipole moment is given by the fomula My=~** where V is 


the voltage of the head to foot lead Y at the transverse torso area atheartlevel. The field plots in 
Fig. 6 suggest that torso shape affects the voltage of lead Y: field strength is inversely proportional 
to the cross-sectional area of the torso, that is, other things being equal, the Y voltage is higher in 
slender than stocky subjects. 

Substituting the values for mean resistivity and electrode area in the three formule, the X, Z, and 
Y components of the heart’s total dipole force (in volt. cm. units) are obtained by multiplying the 
voltages of leads X, Z, and Y by 1-27, 2-82 and x respectively. A multiplying factor of 2:25 must 
be used if one horizontal, of 2:35 if one vertical, row of the sagittal lead electrode is not in contact 
with the skin. The multiplying factors for the transverse lead electrode are 0-85 for a missing 
horizontal, 0-85 for a vertical row. The figures for the transverse electrode are approximate owing 
to the limited area covered. The lead field tends to fan out from an electrode of limited size and s 
therefore smaller in magnitude than that computed from the electrode area. The teledeltos mod:l 
error is generally not more than 10 per cent, because the field is constrained by the bocy 
surface. 

Closed Irregular Dipole Surface (Green Surface) as alternative to single Equivalent Dipole. Tradi- 


tionally the heart’s electromotive forces are often treated as a single summation dipole. It has nevi:r 
been assumed that such a dipole actually exists anywhere within the heart. The evidence showir g [7 
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that even a hypothetical single dipole is not wholly tenable was reviewed and extended by McFee 
and Paraungao (1959). 

The resistivity of blood is several times lower than that of the rest of the body (Burger and van 
Milaan, 1943; Schwann and Kay, 1957). The heart is thus an accumulation of dipoles in and 
a ound a time variable and irregularly shaped high conductivity area within a body of lower con- 
dictivity. As a working hypothesis, to define the relationship between the heart’s forces and body 
s rface potentials recorded by satisfactory leads, it is possible to replace the heart by a closed dipole 
s rface known to physicists as a Green surface (Green, 1828; Smythe, 1950), having the following 
operties: first the surface is perpendicular at all points to the equipotentials of the heart’s electric 
Id; second, all dipoles on the surface act normally to it; thirdly the resultant dipole moment per 
\it area at any point on the surface is numerically equal to the potential at that point divided by the 
sistivity of the medium. 

There is an infinite number of Green surfaces between the high conductivity cardiac area and the 
s' rface of the body. The outward electrical effects of each of these surfaces are identical. Two are 
o particular interest, “the smallest Green surface”’ directly bounding the heart’s high conductivity 
a 2a, and the surface of the body itself. As the two produce the same outward effect, it follows 
tl at dipole integration on the body surface is i:: fact integration on the “‘smallest Green surface.” 
L kewise any lead-system which computes orthogonal components from the body surface, produces 
tl > components of the dipole force on the “smallest Green surface,” i.e. on the surface of the heart’s 
h: zh conductivity area. 


—s ¢ fh 


SUMMARY 


The McFee-Johnston lead field concept is an important advance toward electrocardiographic leads 
giving uniform and calculable dipole representation throughout the heart but the X and Z leads sug- 
gested by Johnston’s group do not take full advantage of the concept. The equipotential fields of 
these leads are non-uniform in horizontal plane models, while in the frontal and sagittal planes, field 
uniformity does not extend to the torso surface. The fields also suffer from distortion by the 
Brody slope effect, as a result of ““wrapping” multiple electrodes. 

A new lead system, also based on the McFee-Johnston concept, is proposed. It includes a 
platform-mounted multiple electrode, which automatically corrects for the slope effect. In 2-D field 
plots the X and Z fields are uniform in three planes, the leads being thus insensitive to dipole location 
and distribution, regardless of torso shape and heart size. Since the fields are uniform and calculable, 
not only in the heart but throughout the torso to the torso surface, a calculable quantitative relation- 
ship exists between cardiac and surface forces. A method of determining the heart’s total outward 
directed dipole moment is therefore described. 

A closed irregular dipole surface (Green surface) at the boundary of the high conductivity area 
formed by intracardiac blood, is suggested as an alternative to the widely used but inaccurate single 
equivalent cardiac dipole. 

The limitations of 2-D models, especially in the frontal and sagittal planes, are stressed. 

The six electrodes of the three proposed leads consist of a total of 72 balsa-lithium units. As no 
paste is required, the three leads take no longer to record, than 3 standard leads using paste. 
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A small r wave and a deep S wave in lead V5 (rS pattern) are observed in hypertrophy of the right 
v atricle (Myers et al., 1948), in clockwise rotation of the heart (Goldberger, 1953), and in bilateral 
h pertrophy of the ventricles (Pagnoni and Goodwin, 1952). Anterior cardiac infarction may also 
b: a cause (Myers and Klein, 1949; Levy and Hyman, 1950). An rS pattern has been observed by 
L atham (1950) in 2 of 100 healthy persons; in one subject, the R and S waves were identical. 
G ,odwin (1958) observed an rS pattern in 85 patients with morbid anatomical findings; 51 showed 
ri :ht or combined ventricular hypertrophy. Myocardial infarction was present in the remaining 34; 
it was combined 26 times with univentricular or biventricular hypertrophy of one or both ventricles. 
Ii: 8 patients, isolated myocardial infarction was observed. 

In view of the fact that the usual electrocardiographic analysis cannot always differentiate these 
lesions, an attempt is here made to determine the value of the vector analysis in the correct inter- 
pretation of the rS pattern in lead V5. 


SUBJECTS AND METHODS 


Twenty-six patients were examined in whom an rS pattern in lead V5 was found 25 times; in 
one instance both waves were identical. In 20 patients the vectorcardiogram (VCG) was compared 
with the pathological findings. The loop was derived in the frontal plane from leads aVF and aVL, 
in the horizontal plane from leads V1 and V6. In each patient, six leads from the extremities and 
six precordial leads were taken. A thickness of more than 15 mm. of the left ventricular wall or if 
more than 5 mm. of the right ventricular wall were accepted as criteria of ventricular hypertrophy. 


RESULTS 
The patients were divided into three groups according to the clinical picture and autopsy findings. 
1. Right ventricular hypertrophy: 11 patients. 
2. Bilateral ventricular hypertrophy: 9 patients. 
3. Myocardial infarction: 6 patients. 


1. Right Ventricular Hypertrophy. In this group isolated right ventricular hypertrophy was 
proven at necropsy in 8 patients, while in 3 others, the diagnosis was established with the aid of 


) clinical and laboratory findings. 


Vectorcardiogram. Frontal plane. Loops in this plane exhibit approximately identical form 
and direction (Fig. 1). They begin to the left, some of them superiorly, some inferiorly. Thereafter. 
the loop takes a right downwards turn. In 10 cases the maximal vector is located to the right and 


in one case to the left and inferiorly. In 9 patients the loop is inscribed in a clockwise direction and 
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Fic. 1.—Electro- and vector- cardiogram in patients with hypertrophy of the right ventricle. 
For description see text. - 
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in two it is very narrow and presents a “figure of eight” configuration. The T vector is directed to 
the left and superiorly, only in two cases to the left inferiorly; it is always directed in a sense opposite 
to the maximal vector. 

Horizontal plane. Loops in this plane may be subdivided in three groups (Fig. 1A, 1B, 1C). 

In the first are two patients with right ventricular hypertrophy proven at autopsy, the loop being 
oriented posteriorly and to the left (Fig. 1A); thereafter, it takes an anterior direction and finally to 
the right. The loop is inscribed in a clockwise direction. The maximal vector is located in the first 
case anteriorly and in the latter to the left. In both the T vector is directed to the left. The angie 
between the maximal and the T vector is greater than 45°. 

In 4 other patients (Fig. 1B) with right ventricular hypertrophy, the loop begins anteriorly to the 
right and in the middle part to the left, whereas the terminal part is orientated anteriorly and to tle 
right. The loop is inscribed in a clockwise direction. The maximal vector was located three times 
anteriorly and to the right, once to the right and posteriorly. The T vector is always located pos'- 
eriorly, the angle between the T vector and the maximal vector being approximately 180°. 

In the third group, there were 5 patients with chronic pulmonary heart disease. Right ventric !- 
lar hypertrophy was proven at necropsy in two (Fig. 1C and Fig. 2). 

The initial portion of the loop is displaced posteriorly and to the left or posteriorly and only e -- 
ceptionally to the right and anteriorly. The greater part of the loop is orientated in the right ard 
posterior segment. The loop is inscribed in a counter-clockwise direction and the maximal vect«r 
located posteriorly and to the right. The vector of the T wave is directed to the left. The ange 
between them is greater than 90°. 
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Fic. 2.—(Case 7). 


Electrocardiogram. First group (Fig. 1A). 
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Electro- and vector-cardiograms of patient with lone right ventricular hyper- 
trophy. For description, see text. 


In both patients a vertical heart position is observed, 


in the aVR and V1 leads, the QRS complex has a qR form, and in lead V6 an rS form. 


Second group (Fig. 1B). 
qR and in one patient qr. 
Third group (Fig. 1C). 


Vertical heart position. 


Vertical heart position. 


In three patients lead aVR had the form‘of 
In V1 and V2 an rSR form is found and in lead V6 an rS pattern. 
In lead aVR the QRS complex is 4 times qR and 


once QS; in leads V1 and V2 the QS form is seen in three patients; in two others rS. 


there is an rS pattern. 
2. Bilateral Ventricular Hypertrophy. 
in seven cases of this group. 
disease with chronic cor pulmonale. 
findings are presented. 
Vectorcardiogram. 


Combined ventricular hypertrophy was proven at necropsy 
In the remaining two, there was a combination of ischemic heart 
In Fig. 3 the electro- and vector-cardiograms and necropsy 


Frontal plane. In four patients the loop is inscribed in a clockwise and in one 
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LVW. ~ LEFT VENTRICULAR HYPERTROPHY 
RVH = RIGHT VENTRICULAR HVPERTROPHV 





hypertrophy. 
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Fic. 3.—Electro- and vector-cardiograms, and the necropsy findings in patients with combined ventricular 
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Fic. 4.—(Case C.M.). Electro- and vector-cardiograms or patient 
with combined ventricular hypertrophy. ECG: in extremity leads 
low voltage. QRS complex in III lead shows the form of gr and 
positive T wave. In Virs,in V2rSf. In V6 RS and S-T segment 
depression. VCG: in the frontal plane the loop starts to the left 
and superiorly, turning then inferiorly and to the right, where the 
maximal vector also tends. T vector is located inferiorly and to 
the right. In the horizontal plane the loop is inscribed in the 
counterclockwise direction first at all anteriorly, then posteriorly. 
The terminal part is orientated anteriorly and to the right. 


in a counter-clockwise direction: the maximal vector is located inferiorly and sometimes to the right. 
The T vector is three times directed in the sense of the maximal vector, twice in the opposite sense. 
In case 6 the counterclockwise direction of inscription of the VCG loop is observed and the maximal 
vector is located superiorly. The remaining three patients have the loop in the “figure of eight”’ 
configuration. Two of them had the maximal vector located upwards and to the left; in one it is 
downwards and to the left. The T-wave vector is directed superiorly and to the left. 

Horizontal plane. In this projection, in Cases 1, 2, 3, 4, and 7, the VCG loop begins anteriorly, 
and thereafter turns to the left and finally posteriorly to the right. The loop is inscribed in a coun- 
terclockwise direction. The vector of the T wave is orientated twice to the left, anteriorly and in 
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Fic. 5.—(Case R.F.). Electro- and vector-cardiograms of patient with combined 
ventricular hypertrophy. The cardiogram shows a horizontal position of the heart 
with deep SII and SIII waves. In lead aVR is a qR and a negative T wave. In lead 
V1, rS and negative T wave. In V6 is rS, with S-T segment depression and a positive 
T wave. VCG: frontal plane—the loop is inscribed in counter-clockwise direction. 
The maximal vector is located superiorly and to the left, the T vector inferiorly and 
to the right. Horizontal plane: the loop is inscribed in a clockwise direction. The 
T vector is located to the left and posteriorly. 


three other instances to the right and anteriorly (Fig. 4). In two other patients (Cases 5 and 8) tle 
loop has a “figure of eight” configuration and its distal part is inscribed in a counterclockwise 
direction and orientated in the left and posterior segment. The maximal vector is located to the le t 
and posteriorly, the T vector anteriorly and to the right. The loop of Case 8 (Fig. 5) begins ante - 
iorly and to the left, and thereafter turns in a clockwise direction to the right and posteriorly. Tle 
maximal vector is inscribed to the right and posteriorly, the T vector to the left and posteriorly. 14 
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the last patient of this group (K.A.) the loop begins to the left and posteriorly, thereafter in the clock- 
wise sense anteriorly and finally regresses to the zero point. The maximal vector is directed to the 
left and posteriorly, and the T vector to the right and anteriorly. 

Electrocardiogram. In 5 patients we found a vertical lie of the heart, in one an intermediate 
position, and in three a horizontal one. 

Lead aVR: in 5 patients we found a qR with a negative T wave; in 3 patients qS. In these the T 
w ive was twice positive, and once negative. In one the configuration of the QRS complex was Qr 
ai d the T wave was positive. 





CLECTROCARDIOGRAM VECTORCARDIOGRAM pon 
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Fic. 6.—Electro- and vector-cardiograms, and necropsy findings in patients with myocardial infarction, 
with or without hypertrophy of one of the ventricles. 
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Lead V1: in one patient we have recorded rSR and a positive T wave; five patients had a QRS 
complex of rS form. In four patients the T wave was negative, in one positive. In this lead a 
QS with a positive T wave was seen in two patients. One patient had an RS pattern and a positive 
T wave. 

3. Myocardial Infarction. In Fig. 6 the electro- and vector-cardiograms and necropsy findings of 
the patients of this group are presented. These six patients may be divided in two sub-groups: in the 
8) the first, there are three with anterior infarction, and in the second three patients where myocardial in- 


og farction was combined with ventricular hypertrophy. 
/e le t 
ante - A. Patients with Anterior Myocardial Infarction. Vectorcardiogram. Frontal plane. In 


Tle Case 1 (Fig, 7) the loop is inscribed in a counter-clockwise direction and in Case 2 in a clockwise 
y. Ia direction. The maximal vector in both patients is located superiorly and to the left, the T vector 
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Fic. 7.—(Case 1). Electro- and vector-cardiograms, of patient with anterior 
myocardial infarction. For description, see text. 


in the opposite direction. In Case 3 the initial portion of the VCG loop is displaced to the left, and 
the remainder of the loop is of “figure of eight” configuration. The maximal vector is located 
inferiorly and to the right, the T vector superiorly and to the left. 

Horizontal plane. The orientation and form of the VCG loop in Cases 1 and 2 are the same. 


The loop begins posteriorly, somewhat to the left and then passes clockwise to the right. The maxi- fF 





mal vector is located posteriorly and to the right, the T vector anteriorly and to the left. In Case 3 
the loop has a “figure of eight” configuration; its terminal portion is located to the right ard 
anteriorly, and the T vector is directed to the right and anteriorly. 

Electrocardiogram. In the first two patients the heart was horizontal in position. In lead aVR 
the QRS complex was formed as a gR, and in V1-4 as QS while the T wave was positive. In lead “6 


there was an RS form and a depression of the S-T segment. In Case 2 there was left bundle-branch 


block. In the third patient, the heart was intermediate in position. The S-T segment in leads I I, 
aVF, and aVR was elevated. In leads I and aVL the S-T segment was depressed. In lead V1 \e 
found a QS form and a positive T wave; in lead V6 an RS was present and a depression of the S- TF 
segment. ‘ 
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B. Patients with Myocardial Infraction and Ventricular Hypertrophy. Case 4. Clinical diagnosis: 
chronic pulmonary heart disease. Necropsy findings: right ventricular hypertrophy and posterior 
myocardial infarction. 

Vectorcardiogram. Frontal plane. The loop begins inferiorly and to the left inscribing a “‘figure of 
eizht.”” Thereafter the loop turns to the right and returns in a clockwise direction towards the zero point. 
Tie maximal vector is directed to the right, and the T vector downwards. 

Horizontal plane. The loop begins posteriorly, and is thereafter directed anteriorly and finally to the 
richt. The maximal vector is located to the right and anteriorly, the T vector posteriorly and to the left. 

Electrocardiogram. The heart was vertical in position. In aVR and V1 leads were found qR forms with 
negative T waves. In V6 lead an rS was combined with depression of the S-T segment. 

Case 5. Clinical diagnosis: hypertension, posterior myocardial infarction. Necropsy findings: combined 
itricular hypertrophy, posterior myocardial infarction, repeated pulmonary embolism. 

Vectorcardiogram. Frontal plane. The loop is characterized by an initial deflection to the left, there- 
af er turning to the right. The loop is inscribed in a counter-clockwise direction. The maximal vector is 
lo ated superiorly and to the left, with the T vector inferiorly. 

Horizontal plane. Atthe beginning the loop is directed anteriorly, then posteriorly and to the left, where 
‘ figure of eight” formisseen. The centripetal portion of the loop is located somewhat to the left, the maxi- 
m | vector posteriorly and to the left, and the T vector to right and posteriorly. 

Electrocardiogram. The heart was horizontal in position. In lead V1 the QRS complex had the rS 
fo m and a negative T wave. In lead V6 the QRS complex is formed from the R wave and a negative T 
W: ve. 

Case 6. Clinical diagnosis: aortic regurgitation, congestive heart failure. Necropsy findings: left ven- 
cular hypertrophy, anterior myocardial infarction. 

Vectorcardiogram. Frontalplane. After a small initial deflection superiorly the loop turns inferiorly and 
so newhat to the right. The loop is inscribed in a clockwise direction; the maximal vector is located in- 
feriorly and the T vector superiorly and to the left. 

Horizontal plane. The loop begins anteriorly, and then turns to the left and posteriorly. The maximal 
vector is directed posteriorly, the T vector anteriorly and to the right. 

Electrocardiogram. The heart was vertical in position. In leads V1-5 there was a low r wave with a 
deep and broad S wave; T waves are negative. In lead V6 there is an R wave with a negative T wave. 
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DISCUSSION 


In patients with the rS pattern in V5 right ventricular hypertrophy is usually found. The 
vectorcardiographic pattern in the frontal plane in these patients is almost identical. In the hori- 
zontal projection, three types of vector loops can be identified. In the first type (Fig. 1A) the initial 
portion of the loop is displaced to the left and posteriorly. Then the loop turns anteriorly and to the 
right. The VCG of this type has been described by Fowler and Helm (1953), Pipberger et al. (1955) 
found those types in initial stages of right ventricular hypertrophy. The second pattern corresponds 
to the first type according to Grischman and Scherlis (1952). In five patients the initial portion of 
the loop was displaced posteriorly, but exceptionally anteriorly and to the right. The greater 
portion of the loop is situated in the right and posterior segment. These loops deserve our attention 
because besides the right ventricular hypertrophy they may present a manifestation of an anterior 
myocardial infarction (Stern and Tenney, 1956). The differential diagnosis between right ventri- 
cular hypertrophy and an anterior infarction is possible in the frontal plane. In patients with right 
ventricular hypertrophy, the loop is orientated in a clockwise sense and the maximal vector is located 
inferiorly and to the right. In an anterior myocardial infarction the loop is inscribed in a counter- 
clockwise direction and the maximal vector is directed to the left and upwards. This observation is 
in accordance with the opinion of Goodwin (1958), who believes, that a vertical heart position is not 
encountered with myocardial infarction. However, in our series we observed one patient in whom 
the heart was vertical in spite of myocardial infarction and left ventricular hypertrophy. 

A correct diagnosis in combined ventricular hypertrophy is very difficult to establish. In five 
patients of group 2 the loop in the horizontal plane was situated not only in the posterior and 
left segment, but also in the posterior and right one. In these vectorcardiograms the terminal portion 
of the loop could be regarded as representing the activation of the right ventricle (Wenger, 1956). 
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Further evidence which could evoke a suspicion of bilateral ventricular hypertrophy, is a dis- 
crepancy between the forms of the VCG loop in the horizontal plane and in the frontal plane. I) 
the first group (right ventricular hypertrophy) it was observed that if in the horizontal plane signs cf 
right ventricular hypertrophy could be seen, then the vector loop in the frontal plane verified the 
diagnosis. In Case 6 with combined hypertrophy sings of right ventricular hypertrophy were foun | 
in the horizontal plane, while the loop in the frontal plane suggested rather a lesion of the left hear . 
The opposite can be observed in Cases 5 and 9, in which with a vertical heart position a conductio 1 
delay in the left bundle-branch was established. 

To prove the diagnostic value of the discrepancy between the loops in the horizontal and front: | 
plane in combined ventricular hypertrophy it is necessary to examine a greater number of patient .. 

The diagnostic value of vectorcardiography in patients with an rS in V5 in myocardial infarctioa 
is very small. Among three patients with myocardial infarction in two both cardiogram and VCG 
led to the suspicion of a myocardial infarction. In the third, there was elevation of the S-T segmert 
in aVF and in lead III, which strongly suggested a posterior infarction; but changes in the QRS com- 
plex and in the VCG loop were not characteristic of a myocardial infarction. In three other patients, 
where a myocardial infarction combined with ventricular hypertrophy was found, the diagnostic 
evidence was as follows. InCase4(Fig. 6) with posterior infarction and right ventricular hypertrophy 
electro- and vector-cardiographic changes proved only right ventricular hypertrophy. In Case 5 
(Fig. 6) cardiography and VCG indicated a posterior myocardial infarction. The loop in the hori- 
zontal plane in the last patient (Fig. 6) is characteristic of hypertrophy of the left ventricle. Higher 
voltage of the R wave in V4 and V5 was not present. This fact may be explained by the absence of 
hypertrophy of the left ventricle, or the hypertrophy might have been present in combination with an 
anterior infarction. 


SUMMARY AND CONCLUSION 


Derived vectorcardiography has been performed in 25 patients with the rS pattern in V5. In one 
patient R and S waves were identical. In 20 patients the vector-cardiographic patterns were corre- 
lated with necropsy findings. The rS pattern was observed in right ventricular hypertrophy, com- 
bined ventricular hypertrophy and in myocardial infarction, which latter may be (but not necessarily) 
associated with ventricular hypertrophy. 

The vectorcardiographic analysis of the rS pattern in V5 renders it possible to differentiate right 
ventricular hypertrophy from the other conditions. Its value in the differential diagnosis of com- 
bined ventricular hypertrophy is smaller. This latter diagnosis should always be borne in mind if the 
central and terminal portions of the loop in the horizontal plane are displaced somewhat to the 
right and to the posterior segment. Similarly, attention should be given to the discrepancies 
between the form of the loop in the horizontal and in the frontal planes. According to our experience 
the value of vectorcardiography in the diagnosis of myocardial infarction is very small, especially in 
comparison with electrocardiography. 
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A medical examination that includes the recording of an electrocardiogram has now become a 
rc utine procedure, with the object of discovering coronary arterial disease. It is often used in those 
w..o hold responsible positions in commerce or industry, in applicants for large insurance policies, 
ard in those entering superannuation schemes. 

It is not rare for the electrocardiogram to show small deformities in uncomplaining adults. 
Sich changes when found in patients with chest pain are evidence of cardiac infarction, which at the 
tiie is limited to a small area but may ultimately extend to involve a larger portion of heart muscle. 
Tie significance of the same lesser cardiographic changes in subjects without pain, has not, however, 
been determined with certainty, and there is need to learn of the progress of such cases both in 
regard to the destiny of the cardiographic deformities and their liability to develop cardiac pain in 
the future. Moreover, in a patient who contracts cardiac pain from cardiac infarction, it would be 
an advantage to know whether the cardiogram, recorded either purposely or fortuitously during 
the years preceding the onset of pain, can anticipate the subsequent entry of this symptom. A 
material gain in our knowledge of the course of this illness will have taken place if such graphomancy, 
or divination of cardiac pain from the electrocardiogram of coronary arterial disease, were possible. 
It is with these problems that the present paper is concerned. 

The Investigation Described. A record of the symptomatology and the clinical findings in 5000 
consecutive subjects of 35 years of age or older was supplemented in each case by an electrocardio- 
graphic and cardioscopic examination. 

The cardiogram consisted of the four standard limb leads, I, II, III, and IIR (lead II during 
deep inspiration), and the bipolar chest leads, CR1, CR4, and CR7. The CR leads were used 
deliberately in that they portray more clearly the lesser changes associated with small myocardial 
lesions, than do the so-called unipolar V leads. 

The cardiogram was studied specially in relation to the presence or absence of heart disease and 
particularly of chest pain. 


FINDINGS 


For the purpose of classifying the electrocardiographic changes in relation to the clinical findings 
in this series, the cases were arranged in four main groups. The first group included patients with 
some form of heart disease. The second included patients with symptoms that suggested heart 
pain but were proved to be due to other causes after a detailed examination. The third group 
consisted of subjects who had neither symptoms nor signs of heart disease, while the fourth was made 
up of symptomless patients whose electrocardiogram was abnormal. The numerical distribution of 
the patients among the separate groups is shown in Table I, and it is the findings in the third and fourth 
groups that form the basis of this paper. 
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TABLE I 
CLASSIFICATION OF THE ELECTROCARDIOGRAPHIC FINDINGS IN 5000 CONSECUTIVE CASES, AGED 35 YEARS OR OLDIR 





Group I. Patients with some form of heart disease with its corresponding electrocardiogram (3379)* 
Group II. Patients ultimately shown to be healthy, with non-cardiac chest pain and a normal electrocardiogram (96 }) 
Group III. Healthy symptomless subjects with a normal electrocardiogram (550) 


Group IV. Symptomless and apparently healthy subjects, who had an abnormal electrocardiogram, consistent wi h 
a myocardial lesion (108), arranged in three classes as under: 
(a) Subsequently developing cardiac pain (27); 
(b) Progress known, and remaining symptomless (30); and 
(c) Progress not ascertained (51) 





* Numerals denote number of cases in each group. 


Group I. Patients with Heart Disease and an Electrocardiogram to Correspond 

This group held 3379 patients, and the majority suffered from cardiac pain following cardiac 
infarction when the cardiogram showed deformities conforming with the situation and extent of tlie 
infarct. Among these patients with cardiac infarction no instance was met, where a cardiogran 
recorded fortuitously before the onset of cardiac pain had been a normal tracing; nor was there an 
example of recovery of a cardiogram once deformed by infarction. 

The remaining patients suffered from valvular, hypertensive, or congenital heart disease, and thie 
electrocardiogram, usually abnormal, was in keeping with the kind and degree of ventricular pre- 
ponderance that might be present, and with any form of arrhythmia should it be added. 


Group II. With Symptoms suggesting Heart Disease but with a Normal Electrocardiogram 

Into this group fell 963 cases. Palpitation was a common symptom, which a subsequent 
examination explained as functional in kind or arising from extrasystoles or short episodes of atrial 
tachycardia. Chest pain was a commoner symptom and this not infrequently simulated cardiac 
pain in respect of its character, situation, and spread, and of its reaction to exercise and to rest. A 
cardiogram in these cases, however, proved to be a normal tracing, and for this reason, coronary 
arterial disease as the source of the pain was excluded. A pre-requisite to a confident assumption 
that a strictly normal cardiogram excluded pain in these cases meant a close acquaintanceship with 
the lesser cardiographic deformities that tell of a small myocardial injury at the time. Whenever an 
exercise cardiogram was recorded in cases in this group, it too proved to be a normal test. Moreover, 
when the subsequent progress of these patients was overseered through two to ten years, no instance 
was found where the cardiogram, or the clinical history, told of the development of true cardiac pain 
from cardiac infarction. 


Group III. Symptomless Subjects with Normal Electrocardiogram 

There were 550 cases in this group. Their ages were 35 years or over, and were comparable with 
those of the other groups; they were evenly distributed in the fifth to the seventh decades, and a few 
were over 77 years of age. Absence of symptoms and of physical and radiological signs in all of 
them, as well as a normal cardiogram, ensured the absence of heart disease. The first examination 
took place ten years before in one-third, and more than five years before in almost two-thirds of 
them. None was recalled for subsequent examination following the reassurance imparted to them 
at the first, but many returned on their own accord because some symptoms had set in; this oft2n 
took the form of chest pain, but once more in none of these was the electrocardiogram abnormal as 
evidence of cardiac pain from the entry of cardiac infarction. 


Group IV. Symptomless Patients with Abnormal Electrocardiogram 


There were 108 cases in this group, 74 men and 34 women. The ages varied from 35 to 80, a1d 
the average age for the group was 57 years. 
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ELECTROCARDIOGRAPHY PRESAGING CARDIAC PAIN 


















































limited distribution. 


* provided diaphragm is depressed during deep inspiration. 
@ provided digitalization is absent. 


@ provided exercise electrocardiogram gives a positive reaction. 


j 
AFFECTED PART OF NATURE OF DEFORMITY 
ELECTROCARDIOGRAM 
Description Schematic Representation 
il TR 
Q WAVE Q absent in III and * 
present in II1IR 
RS SEGMENT Notched RS, CR, 
Deep S in II 
S WAVE Deep S in III 0 a 
(No S in I) 
ST SEGMENT Sickle Depression(1) P x , 
Plane Depression(2) 
s 
Low T in I ’ CR, or CR, 
and in CR, or CR, 
T WAVE Blunt T }\ 
Terminal dip 
of T 
TU SEGMENT Depression /\ 
U WAVE Inversion /\ 
Fic. 1.—Diagrammatic representation of the lesser electrocardiographic changes arising from cardiac infarction of 














672 WILLIAM EVANS 


A clinical history and physical examination had failed to find any blemish, but the cardiogra n 
in each showed the lesser deformities so commonly found in patients with cardiac pain from corona ‘y 
arterial disease. That such changes were found in uncomplaining subjects caused no surpr ie 
because we had previously met with 26 instances when we assembled 70 examples of painless cardi ic 
infarction (Evans and Sutton, 1956). 


In the interrogation of these patients, an inquiry to confirm the absence of pain or a like symptcm | 


affecting either chest, arms, shoulders, back or abdomen, was a special care. Similarly, palpitation 
from atrial tachycardia or fibrillation, which might have heralded painless cardiac infarction, was 
excluded. The blood pressure was never raised at the time and subsequent cardioscopy showed 10 
enlargement of the heart, while digitalis medication was never the cause of the cardiograp! ic 
deformities exhibited by patients in this group. Instances of right bundle-branch block only wi re 
omitted as a rule from this class because it could sometimes be an innocent and fortuitous findi g. 

The initial electrocardiogram, recorded at a time when pain was not a symptom, showed eitl er 
one or more of the changes accepted as being due to cardiac infarction that at the time was limited to 
a small portion of the myocardium. These changes are illustrated diagrammatically in Fig. |. 
The most common deformity was a depression of the S-T segment, and this was usually present in 
leads that located the injury in the postero-lateral aspect of the left ventricle, namely in leads I, 1:1, 
IIR, and CR7. 

In that the 108 patients with this abnormal cardiogram denied the presence of chest pain, they 
were given reassurance, and they were not invited to attend for further examination. The sub- 
sequent progress in 57 of them has, however, become known, and 11 of them attended for ‘re- 
examination. Emphasis is again given to the fact that no effort was made to bring the remaining 51 
for re-examination, since it was considered wrong to risk a recrudescence of the suspicion that any- 
thing ailed the heart, after the encouragement given to them at their first attendance when they were 
symptom-free in spite of small changes in the cardiogram. Of the 57 patients whose progress is now 
known, 30 remain free from symptoms, while cardiac pain has appeared in the remaining 27, and it 
is to this group that special attention is now directed. 


GRAPHOMANCY OF CARDIAC PAIN 


Among the 27 patients there were 23 men and 4 women. Their ages varied from 40 to 78, and 
the average was 55 years: 9 of them were 55 or younger. The interval that had elapsed between 
finding an abnormal electrocardiogram and the onset of cardiac pain varied from 5 months to 13 
years, and the average for the group was 4 years: the period was 3 years or less in 13 and longer than 
3 years in 14 patients. Of course these findings do not reflect accurately the time that elapsed 
between the appearance of the early cardiographic signs and the onset of pain, because it was not 
possible to discover how long these deformities, found at the first examination, had existed. Twelve of 
the 27 patients have died after surviving for an average period of five years following the discovery of 
the abnormal cardiogram. It is not possible to give the incidence with which cardiac pain sets in 
among uncomplaining subjects who show these early cardiographic signs because the fate of the 51 
cases undergoing a single examination is not known and a request that they should attend for further 
examination is still considered unjustified. 

With the onset of cardiac pain, the deformity in the cardiogram had become exaggerated in all 
save one, but in six it could still be classed as belonging to those styled as lesser signs. In the 
remaining patients the deformity was greatly accentuated, showing frank inversion of the T weve 
(Fig. 2 to 6). 

Alongside the present series of 108 patients with limited cardiac infarction, initially free fr: m 
cardiac pain, there were assembled 1250 patients who showed the same lesser cardiographic signs in 
the presence of cardiac pain at the first examination. It was not known whether the cardiograp ic 
changes in these patients had antedated the onset of pain, but such examples appear to confi m 
that the size of the infarct and the extent of the cardiographic signs do not determine the prese: 
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ELECTROCARDIOGRAPH Y PRESAGING CARDIAC PAIN 








Fic. 2. Fic. 3. Fic. 4. 


Fic. 2.—Cardiac pain was absent when (A) was recorded: it shows S-T depression in leads I and IIR. More 
obvious changes in (B) recorded two years later when cardiac pain had set in. 


Fic. 3.—Cardiac pain was absent when (A) was recorded: it shows a blunt T wave in leads I, CR4, and CR7. 
More obvious changes in (B) recorded two years later when cardiac pain had set in. 


Fic. 4.—Cardiac pain was absent when (A) was recorded: it shows S-T depression in leads IIR and CR4. More 
obvious changes in (B) recorded two years later when cardiac pain had set in. 


or absence of pain: thus, it is unusual to find a patient who exhibits frank inversion of 
T waves from cardiac infarction in the absence of a past history of cardiac pain, unless a bout of 
arrhythmia has accompanied the infarction. It is known that when such arrhythmia in the form of 
atrial tachycardia or fibrillation coincides with the onset of cardiac infarction, pain is frequently 
absent (Evans and Sutton, 1956). Such instances, therefore, can simulate the group now under 
discussion, when the associated palpitation has subsided and is not mentioned in the history. Their 
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Fic. 5.—Cardiac pain was absent when (A) was recorded: it shows S-T depression in leads I, II, IMIR, and gram 
CR More obvious changes in (B) recorded four years later when cardiac pain had set in. shoul 


Fic. 6.—Cardiac pain was absent when (A) was recorded: it shows significant S-T depression in CR4 in pain | 
addition to a right bundle-branch block. More obvious changes in (B) recorded a year later when I 
cardiac pain had set in. b . 

the le 


Fic. 7.—Changes of cardiac infarction in a patient without chest pain, whose illness commenced with a : 
paroxysm of tachycardia. | tracin 


Fic. 8.—Changes of cardiac infarction in a patient without chest pain, whose illness commenced with a and i 
paroxysm of tachycardia. coron 


recognition comes, however, from finding a cardiogram that shows frank and lasting inversion of 
the T wave (Fig. 7 and 8) in the absence of cardiac pain. 

In the 11 patients in whom a second cardiogram was recorded after an interval of more than two older, 
years and cardiac pain continued to be absent, the second tracing showed exaggeration of the defo- F In 
mities appearing in the first tracing in only two instances, and in one of these the T wave was actual y — the 
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inverted. The deformities were less conspicuous in another two and in the remaining seven they 
were unchanged. 

The age factor did not appear to influence the incidence of the pain. Although the prepon- 
derance of men over women is a notable feature in the 27 patients who developed cardiac pain, 
compared with the sex distribution in the whole series, namely 6 to 1 compared with 2 to 1, yet this 
nale preponderance is a feature of the group of 30 patients in whom it is known that cardiac pain 
his not yet set in after an average interval of 6 years (Table II). 


TABLE Il 


T © KNOWN PRrRoGress OF 57 UNCOMPLAINING ADULTS WHOSE ELECTROCARDIOGRAM SHOWED EVIDENCE OF A LIMITED 
CARDIAC INFACTION 














Sex Average interval (in 
—— ——— years) between first 
Description of cases Number Average | examination and 
Male Female age either onset of pain 
or progress report 
P: tients who later developed cardiac pain .. 27 23 4 55 4 
P; tients known to be remaining free from 
-ardiac pain at og ne Son | T 30 23 Ff 59 6 
P; tients who have not yet peal re-exami- | 
1ation a : at 51 28 23 56 Ff 





E::tire group of uncomplaining subjects with 
in abnormal cardiogram =a ‘ 108 | 74 34 57 a= 





* Interval between first examination and present time. 


It is likely that the state of the collateral circulation, above all else, decides the presence or 
absence of pain in patients whose cardiograms give proof that the infarct at the time is limited to a 
small area. Experience with the exercise electrocardiogram led us (Evans and Lloyd-Thomas, 1961) 
to suggest that the incidence of pain had a definite meaning in patients in whom the cardiogram 
showed these lesser deformities, inasmuch as the exercise tracing in those with pain showed far 
greater exaggeration of the deformity of the resting cardiogram than in those without pain. We 
concurred with the opinion expressed by Bidrck (1946) and Master (1950) that the exercise test in 
those instances reflected the efficiency of the alternate blood supply provided by the collateral 
circulation. 

Moreover, in a patient in whom cardiac pain is absent at the time though a resting electrocardio- 
gram, fortuitously recorded, shows the lesser changes associated with a limited cardiac infarction, 
should the tracing following exercise show major changes, it predicts the future onset of cardiac 
pain with greater certainty than if the changes after exercise were hardly exaggerated. 

In the 27 patients in whom cardiac pain developed subsequent to the first examination at which 
the lesser cardiographic deformities were present, the more gross signs that had appeared in the 
tracing at the second examination when pain had set in were an exaggeration of the previous changes 
and indicated a spread of the initial area of cardiac injury and not an involvement of the collateral 
coronary blood supply on the opposite side. 


SUMMARY AND CONCLUSIONS 


The electrocardiogram recorded in 658 consecutive symptom-free adults of 35 years of age or 
older, was normal in 550. 

In the remaining 108 patients the cardiogram was abnormal, exhibiting the lesser changes that 
in the past have been identified in patients with cardiac pain as indicating cardiac infarction, limited 
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at the time to a small area of the myocardium. In these patients special care was taken to inquir 
about symptoms, and particularly about pain or a like complaint, which might indicate the presenc : 
of coronary arterial disease. Moreover, when the abnormal cardiogram came to light, a mor 
direct inquiry about the presence of pain was made, but never in a way to suggest to these uncor 
plaining subjects that anything abnormal had been discovered during a routine examination. Fo- 
the same reason, namely to avoid introducing unwarranted invalidism, none of the patients has bee . 
recalled for further examination. 

The average age of this group, made up of 74 men and 34 women, was 57 years. 

Each of the 108 patients were given reassurance following the first examination and they wer> 
not invited to re-attend, but as time passed the subsequent progress became known in 57 of then. 
In as many as 27 of these, cardiac pain had set in, but in the remaining 30 pain continued to be absen . 

The interval that had elapsed between the first visit and the onset of cardiac pain was three years 
or less in 13, and longer than three years in 14: the average interval for the group was four year:. 
Of these 27 patients, 12 died within an average period of three years after the first examination. 

The deformity in the electrocardiogram had become obviously exaggerated following the appeai - 
ance of cardiac pain in every patient save one, although in six the tracing could still be regarded as 
showing only lesser signs. 

An efficient collateral coronary circulation decides the delayed onset of pain in these patients, 
and such cardiac pain sets in when this deteriorates. Thus, in a patient showing the lesser cardio- 
graphic changes in the absence of pain, a tracing recorded after exercise will decide the imminence of 
the symptom, for a strongly positive test indicates its early appearance, while in one where exercise 
only accentuates the deformity slightly or not at all, pain may not trouble the patient for some time, 
even several years. 

No patient the subject of cardiac pain from cardiac infarction has yet attended, in whom a cardio- 
gram recorded fortuitously within three years of the onset of pain proved to be a strictly normal 
tracing. Graphomancy, or divination of cardiac pain through the agency of the electrocardiogram, 
therefore, is a reality. 

In that no means is yet within our reach to prevent the progress of coronary arterial atherosclerosis, 
when the lesser cardiographic signs of a limited cardiac infarction are discovered in.a symptomless 
patient, reassurance should not be withheld, in order to avoid premature invalidism. 
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THE THIRD HEART SOUND IN MITRAL REGURGITATION 
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The origin of the third heart sound or protodiastolic gallop rhythm of mitral regurgitation is 
nt established. It has been thought to lie in the myocardium, in the mitral cusps and chorda, 
aid in impact of the heart against the chest wall. The sound has been attributed to an increased 
rte of ventricular filling, to reduced myocardial tone, to active relaxation of the left ventricle, to 














Fic. 1.—Mitral regurgitaion. Pulmonary area medium frequency (PA/MF), and mitral area medium 
frequency (MA/MF) phonocardiograms, brachial arterial pulse (BA), left atrial pulse (LA), and lead 2 
electrocardiogram.* 

The mitral phonocardiogram records the pansystolic murmur of mitral regurgitation (SM) and the 
opening snap (O). The diastolic murmur (DM) has a loud onset. In the second and third complexes 
there is a third heart sond (3). 

TM=tricuspid and mitral valve closure. C and V=left atrial “‘c” and ““v” waves. A=annular 
ascent point. SW=stasis wave. 


_ * Where two scales are shown that on the left refers to brachial arterial pressures and that on the right to left atrial pressures. In 
figures 1-7 time marker lines indicate 0-04 and 0-2 second intervals. 
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Fic. 2.—Mitral regurgitation. Mitral area medium frequency phonocardiogram (MA/MF), 
left atrial pressure pulse (LA) and lead 2 electrocardiogram. 
The phonocardiogram shows a pansystolic murmur of mitral regurgitation (SM), 
mitral opening snap (O) and third heart sound (3). 
a, C, V, X, Y=left atrial ‘“‘a” “‘c” and ‘“‘v” waves, and “x” and “y” troughs. 
A=annular ascent point. SW=stasis wave. 2 


sudden arrest of ventricular expansion, to sudden stretching of the ventricular wall, to opening and 
to closing of the mitral valve. 

Advances in cardiac catheterization technique during the last decade have made it possible to 
record heart sounds simultaneously with arterial and left atrial or ventricular pressures in patients 
with rheumatic heart disease. When the results are studied in the light of Dock’s (1959) experimental 
work it appears likely that the third sound in mitral regurgitation results from tautening of the thick- 
ened fibrous part of the mitral valve as the annulus fibrosus ascends and the cusps move towards 
each other under conditions of left ventricular diastolic hypertension. The theory is examined in 
this communication. 


MATERIAL AND METHODS 


Patients with chronic rheumatic mitral valvular disease subjected to diagnostic left heart cathe- 
terization were selected for this study provided they were free from hypertensive, ischemic, and 
aortic valvular disease. None were thought to have tricuspid opening snaps or right ventricular 
third heart sounds. The final diagnosis of the mitral valve lesion—stenosis, stenosis with regurg'- 
tation, or regurgitation—was made from consideration of the clinical and phonocardiographi- 
features of the case, the left atrial indicator-dilution curves and pressure pulses, and from the sui- 
geon’s assessment of the valve at operation. Twenty-three disabled patients were studied. Pur? 
mitral stenosis was present in four, mitral stenosis with regurgitation in six, and predominant mitr:| 
regurgitation in thirteen. 
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Fic. 3.—Mitral regurgitation. Pulmonary area high frequency (PA/HF) and mitral area medium frequency 
(MA/MF) phonocardiograms, left atrial pulse (LA) and lead 2 electrocardiogram. 

The mitral phonocardiogram shows the pansystolic murmur of mitral regurgitation (SM) and the 
mitral opening snap (O). The third sound (3) is immediately followed by a loudly beginning diastolic 
murmur (DM). Diastolic murmur vibrations between O and 3 are small. 

APO=aortic and pulmonary valve closure and mitral opening snap. 

V, A, and SW=left atrial ““v”’ wave, annular ascent point, and stasis wave. 











The left heart was catheterized through the atrial septum (Ross, 1959; Nixon, 1960). High or 
medium frequency phonocardiograms (Leatham, 1952) in the pulmonary and mitral areas were 
recorded simultaneously with brachial arterial and left atrial or ventricular pressure pulses and lead 
II of the electrocardiogram during expiratory pauses. Tracings were recorded photographically at a 
paper speed of 80 mm. per second. A lens and graticule were used to measure intervals to the nearest 
0-1 mm. Time and pressure measurements were averaged for at least ten beats. Atrial and ventri- 
cular pressures were obtained with Statham P23Db or P23G transducers through 90 cm. lengths of 
P.E.50 catheter (Clay-Adams, Inc.). Brachial arterial pressures were obtained through Cournand 
needles connected to similar transducer: “y 30 cm. lengths of thick walled inelastic polyethylene 
tubing (internal diameter 3 mm.). A! 1. ssures were measured in mm. Hg with the patient supine, 
and with the zero level at the sternal ztig::. Transmission times from catheter tip and microphone 
to the camera were compared by bursting a balloon inflated over the end of the catheter and held 
close to the microphone. Pressure events were delayed 5 milliseconds longer than sound events 
and this was taken into account in the calculation of results. The experiment showed that the atrial 
pressure recording system was slightly underdamped and required 9 milliseconds to record an 
instantaneous fall from full scale deflection to zero pressure. 

Aortic valve closure, mitral opening snap and third heart sound “transients” were timed from 
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Fic. 4.—Mitral stenosis. Pulmonary area high frequency (PA/HF) and mitral area high frequency (MA/HF) 
phonocardiograms, brachial arterial pulse (BA), left atrial pulse (LA), and lead 2 electrocardiogram. 
The mitral diastolic murmur (DM) begins quietly at the opening snap (O) and is accentuated (PSM) at the 
time of the left atrial ‘“‘a” wave. M=mitral valve closure. AP=aortic and pulmonary valve closure. 
The left atrial pulse shows ‘‘a” “‘c”’ and “‘v” waves (a, C, V) and “x” and “‘y” troughs (X, Y). The 
down-slope from “‘v” to “ty” is interrupted by a notch (A), the arnular ascent point, which is followed 
by a small positive wave, the annular ascent wing. 


the onset of their vibrations on the phonocardiogram. They were identified by their relationship to 
each other and to the pressure pulses. A third sound was considered to be present when short-lived 
vibrations twice the size of a “‘loudly-beginning”’ mitral diastolic murmur occurred close to its onset. 
This arbitrary decision was made because it is sometimes difficult to decide whether large vibrations 
indicate a sound or merely form part of a murmur. The “loudly-beginning” diastolic murmur 
identifies mitral orifices measuring 2-0 cm. or more in patients disabled from mitral regurgitation 
and mitral fibrillation, and is distinct from the “quietly-beginning”’ mitral diastolic murmur of 
severe stenosis with or without regurgitation (Nixon and Wooler, 1960). 

The Left Atrial Diastolic Pressure Pulse. In mitral incompetence the left atrial ““y’’ descent 
usually has three parts (Fig. 1). The first is a decline which extends from the apex of the “‘v”’ wave 
to a point coinciding with the inscription of the opening snap on the phonocardiogram. The second 
is a rapid fall in pressure from the time of the opening snap to the “annular ascent point,” defined ty 
Radner (1957, 1958). This point (A in Fig. 1-6) is marked by an angulation as the pressu'e 
decline slows abruptly, or by the beginning of a small positive wave, the “annular ascent wing ” 
The third part of the “y” descent is a more gradual downslope from the annular ascent point or 
from the apex of the annular ascent wing to the inscription of the “a” wave in sinus rhythm, the “c” 
wave in atrial fibrillation, or to the positive wave that identifies ventricular stasis (Mackenzie, 190.:) 
during the period of diastasis (Henderson, 1906; Wiggers, 1921); this stasis wave occurs in patien s 
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THIRD SOUND IN MITRAL REGURGITATION 








Fic. 5.—Mitral stenosis with regurgitation. Pulmonary area high frequency (PA/HF) 
and mitral area medium frequency (MA/HF) phonocardiograms, brachial arterial 
pulse (BA), left atrial pulse (LA) and lead 2 electrocardiogram. 

The mitral phonocardiogram shows a pansystolic murmur (SM), no opening snap, 
and a quietly beginning diastolic murmur (DM). TM=tricuspid and mitral valve 
closure. AP=aortic and pulmonary valve closure. e=pulmonary ejection click. 

The left atrial pulse has “‘c” and “‘v” waves and the downslope from ‘‘v” becomes 
less rapid at the annular ascent point (A). 


disabled from mitral valvular disease when the mitral orifice measures 2-0 cm. or more (Nixon and 
Wooler, 1961), and is absent in severe stenosis (Braunwald et al., 1955; Morrow et al., 1957). 

Time intervals were measured from aortic valve closure to the mitral opening snap and third 
heart sound, and to the annular ascent point. When left ventricular stasis occurred the interval 
from aortic closure to the onset of the left atrial stasis wave was determined. Where possible the time 
between aortic valve closure and the nadir of left ventricular diastolic pressure was measured. 


RESULTS 


Heart Rhythm. Sinus rhythm was present in each patient with pure mitral stenosis, and atrial 
fibrillation in all but three of the remainder. 

Surgical Findings. The long diameter of the mitral orifice was examined at operation by 
Mr. G. H. Wooler and estimated to be 2-2 to 4-5 cm. in five patients with mitral regurgitation, and 
1-5 cm. or less in 9 cases of stenosis or stenosis with regurgitation. 

Mitral opening snaps were present in every patient except one, and occurred 0-04 to 0-11 seconds 
after aortic valve closure. 
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Fic. 6.—Mitral stenosis with regurgitation. Pulmonary area high frequency (PA/HF) and mitral area 
medium frequency (MA/MF) phonocardiograms, left atrial pulse (LA) and lead 2 electrocardiogram. 
APO=aortic and pulmonary valve closure and mitral opening snap vibrations. 

ODM =nmitral opening snap followed immediately by a diastolic murmur of quiet onset. 
TM=tricuspid and mitral valve closure. 
The left atrial pulse shows “‘c” and “‘v 
annular ascent point (A). 


99 


waves and the downslope from “‘v”’ is angulated at the 


” 


Diastolic Murmurs. In mitral regurgitation the diastolic murmur began loudly at the time of the 
third heart sound and annular ascent point and faded away as left atrial and ventricular pressures 
equalized (Fig. 1-3). Murmur vibrations were absent or of small size between the opening snap and 
the annular ascent point. In cases of stenosis or stenosis with regurgitation diastolic murmur 
vibrations began quietly soon after the left atrial ““v” peak at a point where the opening snap is 
recorded if it is present (Fig. 4-7). 

Third heart sounds were present in the majority of heart cycles in patients with mitral regurg- 
itation, and absent in those with stenosis or stenosis with regurgitation (Fig. 1-7). Third sounds 
occurred 0-1 to 0-17 seconds after aortic valve closure and were generally loudest at the beginning of 
an expiratory pause. In every case the interval between aortic valve closure and the third sound 
equalled the interval between aortic valve closure and the annular ascent point when averaged over 
ten beats. 

The left atrial annular ascent point could be distinguished in every patient 0-1 to 0-17 seconds after 
aortic valve closure (Fig. 1-6). 

The nadir of left ventricular diastolic pressure was recorded satisfactorily in seven patients 0-15 
to 0-25 seconds after aortic valve closure. The nadir always occurred after the annular ascent 
point. Simultaneous left atrial and ventricular pressure pulses illustrating this feature have bee. 
published by Braunwald et al. (1955), McKusick (1958), Luisada and Liu (1959), and Bernstein eta. 
(1960). 
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mm. Hg. 


Fic. 7.—Mitral stenosis. Pulmonary area high frequency (PA/HF) and mitral area medium frequency 
(MA/MF) phonocardiograms, brachial arterial (BA) and left ventricular (LV) pulses and lead 2 electro- 
cardiogram (II). 

The mitral diastolic rumble (DM) has a quiet beginning at the opening snap (O) and shows presystolic 
accentuation. 
AP=aortic and pulmonary valve closure. O=mitral/opening snap. 


Left atrial stasis waves began 0-21 to 0-7 (average 0-31) seconds after aortic valve closure when 
diastasis was present in cases of mitral incompetence (Fig. 1-3). The beginning of the stasis wave 
marks the point of equalization of left atrial and ventricular pressures. In severe mitral obstruction 
with or without regurgitation the pressures cannot equalize and stasis waves cannot occur. 

Left ventricular end-diastolic pressure lay between —4 and +2 mm. Hg in five patients with 
stenosis with regurgitation, and between +7 and +16 mm. Hg in ten patients with predominant 
regurgitation (Fig. 7 and 8). 

Left atrial “‘v”’ peak pressures are not reported except to mention that in severe mitral valve 
disease the range of values obtained is similar in stenosis and regurgitation, and in cases with and 
without third heart sounds. 


DISCUSSION 


The origin of the third heart sound in mitral regurgitation has been debated since Thayer drew 
attention to the sign in 1909. Differences of opinion as to its cause have generally stemmed from 
failure to agree upon its exact relationship in time to events in the cardiac cycle. By defining the 
point at which the third sound occurs in the left heart cycle, the present study offers a standard 
against which theories of causation can be tested. 


The Relation of the Third Sound to Left Heart Events in Mitral Regurgitation 
In mitral incompetence the third sound coincides with the annular ascent point (Fig. 1-3), a 
feature of the left atrial pulse which Radner (1957) has observed in health and mitral stenosis. 





684 P. G. F. NIXON 


Since the annular ascent point occurs at the same interval after aortic valve closure in mitral incom 
petence as in mitral stenosis, and may be followed by an annular ascent wing in either case, it is likel: 
that it represents the same event in both conditions. Radner contends that the left atrial pressur 
changes occurring at the annular ascent point are caused by ascent of the mitral annulus fibrosu ; 
and consequent reduction of the mitral orifice. This explanation is supported by an examination c ° 
the diastolic murmur in mitral regurgitation. 

In patients with severe mitral obstruction the diastolic murmur begins quietly at the opening sna) 
(Hultgren and Leo, 1959; Nixon et al., 1960). The present study confirms the opinion that in pre 
dominant mitral incompetence the diastolic murmur begins with the third heart sound (Care 
Coombs, 1924; Hultgren and Leo, 1959), or with vibrations so large as to be indistinguishable fror : 
a third heart sound in many cycles (McKee, 1938; Taquini et a/., 1940; Hultgren and Leo, 1959; 
Nixon et al., 1959, 1960). Murmur vibrations are absent or small in the period of fast atrial decom- 
pression between the opening snap and third heart sound. (The contradictory observation b’ 
Hubbard et a/. (1959) may stem from the high proportion of cases without opening snaps in thei- 
series.) It is reasonable to explain the late onset of the diastolic murmur of mitral regurgitatioi 
by postulating the development of obstruction at the mitral valve at the time of the annular ascent 
point and third heart sound due to a movement of the mitral curtains in the direction of closure. 
Since the mural cusp is usually rigid and immobile in chronic rheumatic mitral regurgitation a 
diastolic murmur may signify mobility in the aortic cusp, as does the presence of an opening snap 
(Nixon et al., 1959, 1960). This suggestion is supported by the observations of Brigden and Leatham 
(1953) who found severe disease of both cusps when cases with an opening snap and a diastolic 
murmur were rejected from a study of mitral incompetence. Their assumption that a diastolic 
murmur excludes “pure” mitral regurgitation is not supported by the surgical findings in patients 
from the present series. 

Evidence for the sudden development of mitral obstruction at the time of the third heart sound, 
before the ventricle has ceased to relax, is also seen in the left atrial pressure pulse in mitral incom- 
petence. At the annular ascent point the “y”’ descent of left atrial pressure suddenly decelerates or 
even rises in the annular ascent wing. It is easier to believe that this is caused by sudden partial or 
total closure of the mitral orifice than by a reflected wave from a ventricle which is stillexpanding as it 
receives its load. Henderson and Johnson (1912) drew attention to the way in which rapid flow 
from atrium to ventricle can close the atrio-ventricular valve, and Little (1951) showed that the 
normal mitral valve may close at the end of the rapid inflow period. 

Physiological and pathological third heart sounds have been related to events in the cardiac cycle 
by many techniques, and apparent contraditions have resulted from the use of different reference 
tracings. The third sound was related to the end of the first third of diastole by Warren et al. (1958), 
and to the last moment of the ventricular inflow phase by Braun-Menendez and Orias (1934). Most 
workers have recorded the sound during the period of ventricular filling and not at its end (Thayer, 
1909; Robinson, 1908; Lewis and Dock, 1938; Frost, 1949; Little, 1951; Kuo et a/., 1951; Dock et al., 
1955; Hultgren and Leo, 1959). Kuo et al. (1957) showed that the third heart sound occurs before 
equalization of left atrial and ventricular pressures. None of the recorded observations appear 
inconsistent with the view that the third sound in mitral regurgitation occurs when the mitral cusps 
and chorde are tensed by ascent of the annulus as the ventricle continues to fill. Lewis (1934), 
Lewis and Dock (1938), Brady and Taubmann (1954) and Dock et al. (1955) have emphasized th: 
momentary reversal of outward movement of the apical impulse in patients with third heart sounds. 
This brief inflection of the apex occurs while the lateral wall of the ventricle is still expanding, and is 
probably caused by traction on the papillary muscles during sudden annular ascent. The inflection 
may indicate that the mitral cusps and chordz are taut from ventricular distension before the annulus 
ascends. 


The Relationship of the Physiological to the Pathological Third Heart Sound 
Most authors agree that the pathological third heart sound is an exaggeration of the physiological 
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third heart sound (Barié, 1893; Thayer, 1909; Battro et al., 1934; Cossio, 1938; Lewis and Dock, 
1938; Frost, 1949; Leatham, 1951; Dock et al., 1955; McKusick, 1958; Harvey, 1958), for each 
occurs about the same time after aortic valve closure (Thayer, 1909; Mannheimer, 1942; Rappaport 
aid Sprague, 1942; Frost, 1949; Leatham 1951). Moreover pathological and physiological third 
h-art sounds have a similar sound frequency (Frost, 1949; Esch et al., 1957; Jacono and Friedland, 
1/59), and similar relationships to a momentary reversal of left ventricular apical expansion (Brady and 
Tiubmann, 1950) and to a rightward and headward force demonstrated by the ballistocardiograph 
(Jock et al., 1955). The coincidence of the annular ascent point with the physiological third sound 
(j.adner, 1957, 1958) and with the pathological third sound of mitral regurgitation, shown in this 
si idy, adds further support to the theory of their common origin. 

It is relevant to consider whether the third sound marks a normal event occurring in every heart 
c: cle, or whether it is caused in health and disease by special conditions which are present at some 
ti nes and not at others. Third sounds are audible in the majority of normal young people (Obrastzow, 
105; Bridgman, 1915; McKee, 1938; Cossio, 1938; Orias and Braun-Menendez, 1939; Taquini 
ei al., 1940; Rappaport and Sprague, 1942; Mannheimer, 1942; Evans, 1943; Frost, 1949; Sloan et 
a: , 1952), and the vibrations can usually be recorded in health when they are too quiet to be heard 
w th the stethoscope (McKee, 1938; Braun-Menendez, 1938; Mannheimer, 1942; Rappaport and 
S rague, 1942; Sloan et al., 1952). Therefore it se~ms likely that a normal event in the cardiac cycle 
o: curs at the time of annular ascent causing vibrations which may be inaudible, audible in health as 
tt2 physiological third heart sound, or audible in disease as the pathological third sound. The 
o:igin of these vibrations is disputed. 


T..e Origin of the Third Heart Sound 

The noise may arise from a high rate of blood flow across the mitral valve, from tension in the 
heart muscle, or from tautening of the mitral cusps and chorde. 

High Rate of Blood Flow across the Mitral Valve. The third sound is a “transient,” not a long 
drawn out series of vibrations, and it is therefore unlikely to arise from continuous flow through the 
mitral valve. It does not begin with the onset of atrio-ventricular flow, nor does it occur when flow is 
greatest. The third sound may be prominent in patients with a low cardiac output from hypertensive 
or ischemic heart disease, it may still be present when blood flow into the heart is stopped (Smith, 
1944), and it is rare in thyrotoxicosis (Frost, 1949) where there is a high rate of flow. 

Tension in the Heart Muscle. Potain (1900) considered that “the dilating ventricle quickly 
reaches a point where the fibrous resistance of its wall limits its distension, and the latter, sharply 
arrested, causes a tension, a shock, and the gallop sound.” (Translated by Dock et al., 1955). 
This view is tenable if ventricular muscle tenses like a sheet in the wind in cases with third heart 
sounds, if the third sound occurs at the moment of tension, and if heart muscle is capable of produc- 
ing sound under the action of physiological force. In the patients investigated here third sounds 
occurred during the period of ventricular relaxation and not at or after the nadir of left ventricular 
diastolic pressure. Dock (1959) showed from apical records, border motion studies, animal 
experiments and from fluoroscopy in Valsalva’s manceuvre that in life the ventricle does not tauten like 
a blown-up paper bag, but is capable of distending far beyond the size at which third sounds occur. 
He also demonstrated that the forces required to evoke audible sounds from ventricular muscle are 
greatly in excess of those present in living animals. The association of a third sound with a diseased 
ventricle is not in any way proof of its origin in vibrating muscle. 

Tautening of the Mitral Cusps and Chordae. It is likely that the origin of the third heart sound 
lies in sudden tautening of the mitral cusps and chorde. The forces required to produce sound from 
these tissues are within physiological limits (Dock, 1959). An origin in suddenly tensed fibrous 
tissue surrounded by sound-damping muscle is in keeping with the transient nature of the sound; so 
too is the occurrence of relatively high frequency vibrations (McKusick, 1958; Esch et al., 1959), and 


‘occasional extreme loudness (Conner, 1927). This theory of origin is supported by the present 
| observation that the third sound coincides with ascent of the annulus, an event which is capable of 
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producing sudden tension in the mitral cusps and chord. It is further supported by the observatic a 
that the diastolic murmur and sudden deceleration in “‘y” descent occur at the time of the thi: 4 
sound in severe mitral regurgitation, and indicate the sudden onset of a degree of mitral obstructio 1. 
Smith’s (1944) observation that the third sound persisted, albeit very quietly, in the dog when tl e 
heart was empty or when the leaflets were prevented from approximating, provided that the hea t 
was beating vigorously, is not inconsistent with the theory that sudden ascent of the annulus can <0 
tense the chord as to produce a faint sound. It does suggest that the third sound is caused by <n 
event of the vigorously beating heart regardless of the conditions of blood flow and ventricul:r 
filling. 

The earliest observers of the third heart sound in health and in mitral regurgitation (Gibso 1, 
1907; Hirschfelder, 1907; Thayer, 1909) attributed it to forceful early diastolic closure of the mitr il 
valve. These authors emphasized the achievement of rapid ventricular filling in their cases, using ‘:s 
evidence the late diastolic jugular pulse wave rising from the nadir of “‘y” descent to the inscripticn 
of the “‘a”’ wave. The sign was described by Mackenzie in 1902. The relationship between the le t 
atrial form of this stasis wave and the third sound of mitral incompetence has been examined ty 
Nixon and Wooler (1960, 1961). The valvular origin of the third sound has been asserted repeated y 
by Dock (Lewis and Dock, 1938; Dock et al., 1955; Dock, 1949 and 1959). The theory has given 
rise to new names for the third sound: “‘closing snap in diastole” (Hirschfelder, 1910) and “tension 
snap of the mitral valve” (Cossio, 1938). 

Earlier theories about the origin of the third heart sound have been reviewed by Holt (1927) and 
Sloan (1958). Bramwell (1935) and Eddleman et al. (1954) suggested that the third heart sound and 
opening snap had a common origin in the opening of the atrioventricular valves. The two sounds 
have been recorded distinctly in one heart cycle too often for this view to be maintained (Fig. 1-3). 
Einthoven (1907) thought that the third heart sound might be caused by vibration of the semilunar 
valves. Since these valves are firmly closed at the time of the third sound this explanation is unlikely 
to be true. The theory that the third heart sound is caused by impact of the heart against the chest 
wall is disproved by those observers who have heard or recorded this sound from the exposed heart 
(Sloan, 1958). 


The Loudness of the Third Sound in Heart Disease 

The balance of evidence favours the view that the normal and pathological third heart sound is 
caused by sudden tautening of the mitral cusps and chorde. The reason why the intensity of the 
sound should range from inaudible vibrations to transients louder than the first and second sounds 
may lie in changes in the valves and chorda, in the ventricle, or in the rate of ventricular filling. 
Dock (1959), and Hultgren and Leo (1959) have pointed out that the valves and chordae thicken with 
age and disease, and when thickened, are more productive of noise. 

An audible third heart sound is an important feature of mitral regurgitation, hypertensive and 
ischemic heart disease, and cardiomyopathy. In mitral incompetence there is an abnormally high 
flow of blood across the mitral valve—the forward flow plus the regurgitant flow—but in the other 
diseases blood flow is frequently reduced. However, elevation of left ventricular end-diastolic 
pressure is common to all. Selzer’s (1959) records of elevated left atrial pressure reflect left ventri- 
cular diastolic hypertension in ischemic and hypertensive heart disease. In the present series of 
cases of severe mitral incompetence left ventricular end-diastolic pressures ranged from 7 to 16 mr1. 
Hg, agreeing with the observations of Ross et al. (1958). In mitral incompetence the third heart 
sound occurs with a mitral orifice measuring 2-0 cm. or more, and left ventricular diastolic hyper- 
tension may be diagnosed from the left atrial stasis wave which is present in diastasis (Nixon ard 
Wooler, 1961) (Fig. 8). 

The pathological third sound has been said to result from absolute ventricular diastolic over- 
loading (an excessive load of blood) or from relative ventricular diastolic overloading (an injured 
myocardium with a normal load of blood) (McKusick, 1958). Both states are associated with left 
ventricular diastolic hypertension. Many clinicians have related the occurrence or intensification of 





vent 


gall 
disp 
| sour 

ana 
conc 

I 
fibro 
the ; 
vibri 
The 
latio 

A 
of se 
the g 
label 





tica 
hid 
i0 1. 
tle 
ea ‘t 
nso 
yen 
ulir 


SO 1, 
‘itr ul 
1g is 
yticn 
e let 
d ty 
tediy 
siven 
sion 


) and 
1 and 
yunds 
1-3). 
lunar 
likely 
chest 
heart 


und is 
of the 
ounds 
filling. 
n with 


ve and 
y high 
> other 
astolic 
ventri- 
ries of 
(6 mri. 
1 heart 
hyper- 
on ard 


c over- 
injured 
vith left 
ation of 












THIRD SOUND IN MITRAL REGURGITATION 


MMHG. WITHDRAWAL FROM LEFT VENTRICLE TO ATRIUM 


Fic. 8.—Mitral regurgitation. Pressure recorded as the tip of the catheter was withdrawn from left ventricle 
to left atrium, with lead 2 electrocardiogram. Ventricular diastolic pressure (VDP) rises quickly, and is 
similar to the left atrial stasis wave (SW) in late diastole. 

C and V=left atrial “‘c” and “‘v”’ waves (paper speed =25 mm./sec.). 


t..e pathological third sound to worsening of the heart’s condition, and a reduction or disappearance 
c* the sound to improvement. (Lewis and Dock, 1938; McKee, 1938; Evans, 1943; Frost, 1949; 
t arvey, 1958). These observations are consistent with the sound’s waxing and waning as left 
v -ntricular diastolic pressure rises and falls during the development and recovery from heart failure, 
aid are the reverse of those which would be expected if increased blood flow was responsible for 
gillop rhythm. Mond and Oppenheimer (1929) agreed that elevated ventricular diastolic pressure, 
v hich may appear before other signs of heart failure, is the main condition necessary for the estab- 
lishment of gallop rhythm. Evans (1943) suggested that in pathological triple rhythm ventricular 
pressure does not fall below the threshold at which a third sound appears. Jhaveri et al. (1960) 
found good prognosis in cases of mitral incompetence without third heart sounds, and it is likely 
that the disease in their cases was too slight to cause elevation of left ventricular diastolic pressure. 

Since the time of Gibson (1907) and Thayer (1909) it has been known that the third sound may be 
reduced in intensity by manceuvres which decrease the volume or pressure of the venous return to the 
heart, and vice versa. (Boyer, 1942; Evans, 1943; Smith, 1944; Sloan and Wishart, 1953 (a) and 
(b)). It seems just as likely that these act by altering diastolic tension within the ventricle as by 
changing the rate of blood flow through the heart. The physiological third heart sound (Thayer, 
1909) and the third sound of mitral incompetence grow louder with the first slow beats of expiration. 
The cause of this may be transient elevation of left ventricular diastolic pressure when blood flow 
from the lungs is greatest. 

Since the pathological third heart sound can occur without high flow in the presence of left 
ventricular diastolic hypertension, and since the high flow conditions responsible for protodiastolic 
gallop rhythm may well act by raising left ventricular diastolic pressure, it is not easy to prove or 
disprove the theory that a high rate of flow through the heart can cause a pathological third heart 
sound. Perhaps the rarity of protodiastolic gallop in thyrotoxicosis without cardiac enlargement is 
an apposite observation (Frost, 1949), and it is to be expected that gallop rhythm will occur in this 
condition when heart failure supervenes (Evans, 1943). 

If ventricular distension increases the distance from the apex of the ventricle to the annulus 
fibrosus without lengthening the fibrous parts of the valve it must, after a point, increase tension in 
the mitral cusps and chorde. This increase in tension is probably responsible for third sound 
vibrations reaching audible loudness under conditions of left ventricular diastolic hypertension. 
The reason for third sound vibrations reaching audible loudness in the young is a matter for specu- 
lation; perhaps left ventricular residual volume is relatively great in the youthful heart. 

Mitral Stenosis. From time to time it is suggested that a third heart sound may occur in cases 
of severe mitral stenosis. This has not been the author’s experience. The explanation may be that 
the gallop sound has come from the failing right ventricle or that an opening snap has been wrongly 
labelled. In trivial mitral stenosis obstruction at the mitral valve may be so slight as to permit rapid 
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left ventricular filling and stasis (Morrow et al., 1957). In this situation it might be possible fi 
thickened cusps and chordz to make audible the third heart sound vibrations of a vigorously beati: 
heart, particularly if aortic valvular disease, hypertension or myocardial disease were also preset 
In mitral stenosis it is common for diastolic murmur vibrations to increase in amplitude at the tin 
of the third heart sound, and this may be caused by ascent of the annulus and narrowing of t 
mitral lumen. 
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SUMMARY 


In mitral regurgitation and in health the third heart sound coincides with ascent of the miti . 
annulus fibrosus. This event is marked in the left atrial pressure pulse by sudden deceleration of ‘‘y ’ 
descent or by the start of a transient positive wave, the annular ascent wing. It is marked phon - 
cardiographically by the onset of the diastolic murmur of mitral regurgitation. These pressure ai d 
sound phenomena are attributed to apposition of the mitral curtains caused by ascent of the annul 's 
fibrosus and abrupt elongation of the ventricle; sudden tensing of the mitral valves and chorde ‘s 
considered responsible for third heart sound vibrations. The loudness of the third sound in heart 
disease is related to stiffening of the fibrous part of the valve which renders it capable of producii g 
more sound, and to diastolic distension of the left ventricle which presumably acts by increasiig 
tension in the valve cusps and chorde. It is considered unlikely that this third sound can be caused 
by vibrations in the relaxing and sound-deadening heart muscle. 
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The phenomena of displacement and immobilization of calcium ions by chelation is being studied 
in an increasing number of clinical states. Chelation therapy in hypercalcemia (Holland et a/., 
1953; Spencer et al., 1956), calcium deposition in coronary arteries (Meltzer et a/., 1960) and peri- 
pheral vessels (Clarke et a/., 1960) and in skin (Muller et a/., 1959), and in the treatment of digitalis 
toxicity (Cohen et al., 1959) are under scrutiny and therefore careful analysis of the myocardial action 
of chelating drugs is warranted. In a 28-month study, 125 intravenous infusions of disodium 
ethylenediaminetetraacetate (disodium edathamil or EDTA) were administered to 58 subjects. 
Chelation produced four characteristic though occasionally variable responses of ventricular, atrial, 
and atrio-ventricular (A-V) junctional tissue: (1) suppression of ectopic ventricular beats and ventri- 
cular tachycardia, (2) slight slowing of the sino-atrial pacemaker, (3) improvement of A-V nodal con- 
duction in first degree, second degree, and advanced heart block, and (4) increased automaticity 
of idioventricular pacemakers in complete heart block. Since the slowest effective rate of 
administration is the safest rate (Spencer et a/., 1952), the total quantity of calcium chelated was 
determined for periods of administration varying from one-half to eleven hours. 


METHODS 


There were 58 subjects, 17 men and 41 women, with a mean age of 65 years. The arrhythmias 
present were ventricular premature contractions, 18 patients; atrial fibrillation, 11; complete heart 
block, 7; first-degree heart block, 6; ventricular tachycardia, 4; second degree heart block, 4; 
advanced heart block, 2; paroxysmal atrial tachycardia with block, 2; atrial flutter, 1; A-V dissociation 
with a nodal rate above 70, 2; nodal rhythm with ventricular premature contractions and A-V 
dissociation, 1. Thirty-two patients had a basic sino-atrial pacemaker and 17 were in a state of 
digitalis intoxication. The disodium EDTA was given in dosages of from 0-5 g. to 4 g. in periods 
ranging from one-half hour to 11 hours. In three instances 3 g. were administered in 30 minutes 
but in all other cases the rate of infusion never exceeded 4 g. in 60 minutes. The drug was dilut2d 
in either 500 c.c. or 1000 c.c. of 5 per cent glucose in water. The concentration of the drug was 
maintained below 0-5 per cent unless congestive failure prohibited the use of dilute solutions. 
Ultrafiltrable serum calciums were determined by the method of Toribara and Terepka (Toribera 
et al., 1957). Samples deproteinized with trichloracetic acid were used for determining total seri m 


calcium. Ashing with concentrated nitric acid was necessary to obtain complete recovery of 
chelated calcium. 


* This paper is based in part on work performed under contract with the United States Atomic Energy Commiss on 
at the University of Rochester Atomic Energy Project, Rochester, New York. 
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MYOCARDIAL RESPONSES TO CHELATION 


Ventricular Responses. Chelation therapy abolished or sharply diminished ventricular premature 
contractions in 12 out of 18 patients. This response was frequently as dramatic as that illustrated 
in Fig. 1. It was not dependent upon the presence of digitalis therapy. Chelation terminated 
ventricular tachycardia in 2 patients. One of these patients had digitalis intoxication. The other 
a 50-year-old woman with myocardial involvement due to myotonia dystrophica had never 
re eived digitalis. Two patients with ventricular tachycardia due to acute myocardial infarction 
sh »wed no response to chelation therapy. In 6 patients with complete heart block, disodium EDTA 
in ‘reased the ventricular rate in every instance. This was accomplished without stimulation of other 
v ntricular foci. 

Sino-atrial Node and Atrial Responses. Chelation slowed the atrial pacemaker in 22 of 32 
su jects. We feel that investigators who have reported sinus tachycardia as a manifestation of 
ch lation (Bechtel et al., 1956; Surawicz et al., 1959) have produced toxic manifestations of hypo- 
ca cemia due to a too rapid infusion of the chelating agent. Disodium EDTA slowed the ectopic 
at ial rate in two patients with atrial tachycardia with block due to digitalis intoxication. 

A-V Junctional Tissue Conductivity Responses. Disodium EDTA improved conduction in A-V 
ju ictional tissue in 6 of 12 patients with first degree, second degree, and advanced heart block. Two 
of the patients who responded had received no digitalis and three had digitalis intoxication. 
R. presentative responses are pictured in Fig.2and3. Ina patient with first-degree heart block there 
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Fic. 2.—(A) Advanced heart block secondary to 


Fic. 1.—A-V dissociation with ventricular premature 


contractions following each nodal beat (above). digitalis toxicity. (B) Twenty minutes after admin- 





Calcium chelation (EDTA 4g. in 1 hour) abolishes 
all ventricular ectopic rhythmicity and restores 
sinus rhythm (below). 


istration of disodium EDTA 2:1 g., improvement 
of conduction in A-V junctional tissue, and (C) 
40 min. later, conversion to sinus rhythm with first 





degree heart block. 


was further depression of conduction through the A-V node, and in one instance second-degree 
heart block became complete heart block following therapy. There were two patients with paroxy- 
smal atrial tachycardia with block due to digitalis intoxication. One of these, with incomplete A-V 
dissociation and double tachycardia (Fig. 3) responded to disodium EDTA with marked slowing of 
atrial and nodal pacemakers and the appearance of long runs of paroxysmal atrial tachycardia with 
2-to-1 block. Occasional fusion complexes suggested the possibility of a preferential pathway for 
the nodal pacemaker. Intravenous potassium chloride produced a dominant rhythm of paroxysmal 
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2.10pm Control - Double Tachycardia Lead II 
AUR Rate - 226 Vent. Rate - 143 


Sat ata ama aC 


2.15pm Control - Double Tachycardia - 
AUR Rate - 226 Vent. Rate - 120 


} ig i | j , ss, 
oh goat jul fra pe, oye Pe et: 
2.45pm 1.2G6ms Nay EDTA in 30 Minutes 
AUR Rate - 200 Vent. Rate - 105 





3.15pm 2Gms Na, EDTA - PAT. and 2:1 Block 


Occ. Double Tachycardia AUR Rate-187 
Vent. Rate - 91 





f tomy 
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Fic. 3.—Digitalis toxicity with double tachycardia. Atrial tachycardia 
with a rate of 226 a minute is present in the two control tracings 
(AUR rate=atrial rate). A-V dissociation and A-V nodal 
tachycardia with slightly varying rate are also present. Disodium 
EDTA, 1-2 g., produces slowing of atrial and A-V nodal 
pacemakers (third strip) with occasional runs of atrial tachycardia 
with 2-to-1 block. The sixth beat is a fusion complex and suggests 
the possibility of a preferential pathway for the nodal pacemaker. 
In the last tracing the atrial and A-V nodal rates have been slowed 
by 2 g. of disodium EDTA. Episodes of incomplete A-V 
dissociation alternate with long runs of atrial tachycardia (PAT) 
with 2-to-1 block. 


atrial tachycardia and 2-to-1 block, later changing to sinusrhythm. The other patient with paroxysmal 
tachycardia with block showed only slight slowing of atrial and ventricular rates after therapy. 
Immediate conversion to sinus rhythm followed intravenous potassium chloride. 

Nine of the 11 patients with atrial fibrillation, all receiving digitalis, responded to chelation with 
slight slowing of the ventricular rate. Potassium salts also possess the ability to depress A-V nodal 
conduction in auricular fibrillation and to enhance A-V nodal conduction in heart block (Betting:r 
et al., 1956; Fisch et al., 1958). 


SERUM CALCIUM ION CHANGES 


Chelating agents such as EDTA are presumed to act predominantly upon the ionic fraction >f 
serum calcium. Electrocardiographic repolarization changes (prolongation of the Q-T intervé|) 
and an episode of tetany terminated by the infusion of calcium gluconate appeared to substantia e 
this theory. In order to verify experimentally these concepts, total ashed and ultrafiltrable seru n 
calciums were determined before and after therapy in representative cases. A technique of w:t 
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ashing using concentrated nitric acid was devised. The results demonstrated that disodium EDTA 
does not change total serum calcium but rather chelation rearranges the distribution of calcium in 
tle blood so that as the calcium chelate fraction rises, protein-bound and ionic calcium drop markedly 
(Soffer et al., 1960). Urinary losses of calcium are replaced from bone reservoirs. In repre- 
scntative cases, the average decrease in serum ionic calcium was 1-5 mg. per 100 ml. An effective 
d-gree of chelation was maintained in one patient for as long as 11 hours using a total of only 2-5 g. 
o disodium EDTA. 


COMMENTS 


Chelation offers promise in the management of A-V nodal conduction defects due to digitalis 
ice it appears to enhance the rhythmicity of the idioventricular pacemaker while at the same time 
iding to improve, with occasional but important exceptions, the conductivity of A-V junctional 

i sue in advanced heart block. Experimental studies of the effect of serum calcium changes upon 
e myocardium are in conformity with these clinical observations. Brooks and associates (1955) 
si ite that hypocalcemia results in a great increase in spontaneous rhythmicity not only of normal 
.cemakers but also of all parts of the atrium 
aid ventricle. Moreover these investigators pe eseer erey foes es Sooes Set ote Fase 
ive noted that in the presence of a high serum SUBJECT F.W. = 
Icium, A-V conduction is delayed because of : 
igmented vagal activity. A number of studies 
ive shown that disodium EDTA can suppress 
entricular contractions and terminate digitalis- 
induced ventricular tachycardia (Brothers and 
Kabakow, 1957; Gubner and Kallman, 1957; 
Cohen et al., 1959; Surawicz et al., 1959). Our 
case of ventricular tachycardia secondary to 
myotonia dystrophica is perhaps the first re- 
corded case of ventricular tachycardia not due Fic. 4.—Loss of digitalis effect (spoon-shaped contour 
to digitalis therapy successfully terminated by of S-T segments) induced by chelation (EDTA 4 g. 
: 5 : oe in2hr.). Above—before treatment, serum calcium 
chelation. Disodium EDTA possesses the ability 10-2mg. per 100 ml. Below—after treatment, serum 
to reverse the electrocardiographic pattern of calcium 8-4 mg. per 100 ml. 
“digitalis effect” (Fig. 4). Contrary to earlier 
judgements (Kabakow and Brothers, 1958; Jick and Karsh, 1959), the response of digitalis-induced 
arrhythmias and conduction abnormalities to EDTA can not be used for the diagnosis of digitalis 
toxicity because of the variable results. 

Untoward reactions in our patients included orthostatic hypotension, circumoral paresthesie, 
nausea, one instance of anemia following repeated injections and one of hypocalcemic convulsions. 
It appeared that a sharp rise in heart rate was the most important sign of impending crisis. To 
protect against side effects, the maximum daily dosage of EDTA, 50 mg. per kilogram, should 
ordinarily be given in a period of not less than one hour. 

Serum hypocalcemia induced by EDTA appears to have relatively predictable effects upon 
blood pressure, myocardial rhythmicity and conductivity. This knowledge permits greater under- 
standing of the iatrogenic hypocalcemia produced by transfusion with large amounts of citrated 
blood, a not uncommon occurrence in the surgical patient (Lown et al., 1960). 


SUMMARY 


Hypocalcemia was induced in 58 subjects by the intravenous injection of from 0-5 to 4 g. of the 
chelating agent, disodium EDTA. Chelation abolished ectopic ventricular beats, terminated 
ventricular tachycardia, and produced improvement of A-V nodal conduction in heart block. There 
were exceptions to these characteristic actions and this variability of responses prohibits the use of 
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disodium EDTA in the diagnosis of digitalis toxicity. However, chelation offers promise in tl 2 
short-term management of ventricular arrhythmias due to digitalis overdosage. Such therary 
appears to be particularly indicated if these arrhythmias occur in the presence of impairment of A- / 
nodal conduction. 
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A SIMPLE INSTRUMENT FOR RECORDING DYE DILUTION 
CURVES FROM THE CIRCULATION 


BY 


ANTHONY D. JOSE AND GEORGE LATHAM 
From The Hallstrom Institute of Cardiology, Royal Prince Alfred Hospital, Sydney 


Received April 27, 1961 


Dye dilution techniques can add greatly to the diagnostic information obtained by cardiac 
c itheterization (Swan, 1959; Conn, 1959), and are used increasingly in any investigative work for 
n easurement of the cardiac output. 

The technical requirements for recording dye dilution curves from whole blood have been dis- 
c issed elsewhere (Wood et al., 1960). The instruments generally available for this purpose use as 
tie photo-sensitive element either an iron-selenium photo-emissive cell (Nicholson et al., 1957; 
Norman, 1959), or a photomultiplier tube (Milnor et al., 1953). The photo-emissive cell is in- 
herently somewhat variable in response, and its current output is very small, requiring the associated 
use of either very sensitive galvanometers or expensive high-performance electronic amplifiers. 

These disadvantages have been partly overcome by using a stronger light source and imbedding 
the photo-cell in resin (Norman, 1959), but at the expense of requiring special provision for heat 
dissipation, increasing the complexity of the instrument. The photomultiplier tube, although 
exellent in performance, needs an expensive high-voltage power supply. 


The development of cadmium sulphide photoconductive cells* with excellent stability, and large 
current output for small changes in incident light, makes possible a considerably cheaper and more 
easily maintained instrument for recording dye dilution curves. The instrument described here was 
cheaply constructed in our own workshop, and has given faultless service over several months. 


CONSTRUCTION 


The photoconductive cell on which the instrument is based, the ORP-90 (Mullard Ltd.), is a 
vacuum-enclosed side-viewing cell, across the terminals of which can be applied a DC voltage up to 
300 volts. The electric resistance of the cell falls with increasing incident light, at a sensitivity 
increasing linearly with the applied voltage. Spectral sensitivity is maximal at 670 mp wave-length 
and respectively 90, 96, and 34 per cent of maximum at 580, 620, and 800 mp wave-lengths. 

The transducer is built in three parts—light housing, cuvette, and photocell housing. The light 
source is a 6 volt 3 watt car “festoon” bulb with linear filament, and is mounted in a small housing 
suitably vented to the air (Fig. 1). No lens system has been used. The cuvette is basically an 
“ebonite”’ plastic block (2 in. x 2in. x} in.) drilled to house polyethylene tubing (O.D. 2-0 mm., 
I1.D. 1-0 mm.), and with a linear window cut to expose a length of tubing comparable to that of the 
light filament; the width of the window is two-thirds of the internal diameter of the tubing. A 
suitable gelatine light filter is interposed between the light housing and the cuvette (Wratten No. 29 
for Evans Blue, No. 87 for indocyanine green). The photocell housing is a wooden block 
(14 in. x 2 in. x 34 in.) drilled to house the cell (length 6 cm., diameter 2 cm.), and with a window cut 
to expose the light-sensitive area (9x 26 mm.). The three sections are carefully aligned, and bolted 
together taking care to avoid light leakage. 

* Mullard Ltd., Torrington Place, London. 
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Fic. 1.—Section with parts separated to show method ‘of construction of the 
transducer (see text). A thin protective leucite sheet has recently been 
inserted between light housing and gelatine filter. , 
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Fic. 2.—Circuit diagram. B—i2 V storage battery; C—photoconductive cell; 
G—galvanometer, placed across output A-B. 
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ORP - 90 DENSITOMETER 
2700°K incandescent source. Wratten 87 filter. 
Applied voltage 12V DC Indocyanine green dye. 
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1 iG. 3.—Left: The cell current related to the intensity of incident light when 12 V DC is applied to the photocell. 
Right: Calibration curve of the instrument in operation, obtained in one patient (Note: only three calibration 
points are required in routine operation). 


We have found that 12 volts DC applied to the cell gives adequate sensitivity, and use a 12 volt 
storage battery to provide this, with a 6 volt tap to supply the lamp. Under operating conditions, 
the cell resistance ranges between 500 and 1000 ohms. Changes in resistance are detected by incor- 
porating the cell in a simple bridge circuit (Fig. 2). The potential difference across the output A-B 
is applied directly to the DC input of a standard recorder-amplifier, (electrocardiographic pre- 
amplifier, Model 1500, Sanborn Polyviso recorder). The circuit is housed in a small control unit 
close to the transducer. The bridge is balanced in operation by adjusting the potentiometer (P) to 
give zero reading on the galvanometer (G). A switch is included on this unit to control both lamp 
and cell power supplies. 


PERFORMANCE 


Before operation, the recorder pen is positioned at zero input voltage (i.e. with a balanced bridge). 
After blood has entered the cuvette, the bridge is rebalanced, automatically resetting the pen to the 
selected baseline. The voltage signal obtained is of the order of 0-5 mv. per mg./l. of Evans Blue in 
whole blood, and 0-7 mv. per mg./l. of indocyanine green, using the appropriate light filters for each. 
This output is a curvilinear function of the dye concentration (Fig. 3). Three points, obtained in 
the usual way (Nicholson et a/., 1957) are sufficient to establish this calibration curve in each patient. 
Inherently the cell is highly stable, and we have noted no change in its sensitivity over several months 
of regular operation. Small differences occur, as expected, in the calibration curves obtained for 
different patients. 

The response time of the complete system was measured by introducing a “‘square-wave” of 
altered dye concentration into the cuvette as rapidly as possible; 90 per cent of full deflection was 
obtained in 0-44 seconds. From the rated characteristics of the cell, we have estimated that 0-35 
seconds of this delay occurs in the cell, the remainder occurring in the hydraulic sampling system 
(Milnor and Jose, 1960). 
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Changes in light transmission due to changes in the rate of blood flow through the cuvette ar : 
minimal with this design of blood chamber; satisfactory curves are obtained by manual withdraw: 
of blood into a large syringe, provided the flow is at least 0-2 ml. per second. If desired, the tubin : 
and syringe can easily be sterilized, so that after each dilution curve, the blood withdrawn may t : 
immediately reinfused. 


DISCUSSION 


For convenience, we have in this instrument used a weak light source and a low voltage applie | 
to the photo-conductive cell. The sensitivity to change in blood concentration so obtained is moi: 
than adequate, and the response time tolerably fast for most purposes. Should improvement i1 
performance be required for any special application, a brighter light source, the addition of a lers 
system to concentrate light, or the application of a higher voltage to the photocell will, through the 
inherent properties of the cell, increase sensitivity and shorten response time by large factors. 


SUMMARY 


The use of a photo-conductive cell for recording changes in dye concentration in whole blood 
makes possible a simple and cheap instrument for recording dye dilution curves from the circulation. 


We are indebted to Messrs. W. J. Wheeler and R. H. Smith, of Mullard Ltd., Sydney, who supplied us with the 


photocells used, and with pertaining technical data. 
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TRICUSPID ATRESIA AND ITS PROGNOSIS WITH AND 
WITHOUT SURGICAL TREATMENT 


BY 
MAURICE CAMPBELL 
From the Cardiac Department, Guy’s Hospital, and the Institute of Cardiology 
Received June 12 1961 


Tricuspid atresia is one of the less common forms of congenital heart disease, but it is by no 
n 2ans rare and Abbott (1936) included 16 examples among her 1000 cases. The diagnosis of tricus- 
p d atresia was made in 31 (5%) of the first 670 patients with cyanotic congenital heart disease that 
] saw, mainly at Guy’s Hospital, in 1947—51 (Campbell, 1953); and Wood (1956) found it in 1-5 
pr cent of his 900 cyanotic and acyanotic cases. The incidence was nearly equal in each sex in 
b oth series: in mine (increased later to 40 cases) 22 were male and 18 female. More than two-thirds 
were under 10 years of age, 32 per cent being aged 0-4 years, though in general few infants under 3 
y ‘ars were seen, 40 per cent being between 5—9 years, 18 per cent 10-14 years, and only 10 per cent 
1) years or more. Obviously the mortality is high, even after infancy, and it was estimated at 30 
per cent within five years of their being seen (Campbell, 1953). Only among patients with pul- 
nonary atresia and those with transposition of the great vessels was the mortality in the same high 
range. 

It seemed at first that operation was of less benefit to them than to patients with Fallot’s tetralogy, 
so relatively few were admitted for investigations and consideration of surgical treatment, which 
must at present take the form of subclavian-pulmonary or other anastomotic operations. The main 
object of this paper is to discuss the natural prognosis and how far this was improved by operation 
in 12 patients. 


DIAGNOSIS AND CLINICAL FEATURES 


The clinical features of two cases of tricuspid atresia were described by laussig in 1936 and of 
another by Brown in the same year, all these with necropsies. The triad of central cyanosis, a 
diminutive right ventricle, and left axis deviation, often with a large P wave in lead II, led to its 
clinical recognition becoming more frequent, though this was not at all widespread till ten years 
later when the possibility of surgical treatment made it more important. 

The symptoms are much the same as in other forms of cyanotic congenital heart disease. More 
than half of our patients squatted and I have an impression that in tricuspid atresia squatting indi- 
cates a greater degree of disability and cyanosis than it does in Fallot’s tetralogy. The physical 
signs are not distinctive. In some of our patients, the systolic murmur was heard and the thrill 
felt rather over to the right, so that the possibility of aortic stenosis was sometimes considered at an 
early stage. 

Generally, therefore, the diagnosis is not suspected before the electrocardiogram shows left axis 
deviation and left ventricular preponderance. Radioscopy provides the most important confirmation 
and this has been fully discussed by Astley et al. (1953). The heart was enlarged in 12 of their 16 
cases, though it was only slightly enlarged in most of the cases of Brown et al. (1956). We have 
often found it of considerable size: the early films are not now available but we have measurements 
of rather over half our cases. The heart was normal-sized in 13 per cent, slightly enlarged 
(c.t.r., 50-54°%) in 27 per cent, considerably enlarged (c.t.r., 55-59°%) in 33 per cent, and greatly 
enlarged (c.t.r., 60-67°%) in 27 per cent. 
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Most of the films in the antero-posterior position show a characteristic feature, though probabl; Ff T 
it is no more than the relative absence of the right ventricle—a point that has been emphasized fcr cases 
the left antero-oblique position by Taussig. The heart seems tilted, from under-development «f f 
the right side and over-development of the left side. It is well shown in Fig. 1 and 
The appearance is perhaps the absence of the expected rmght-sided enlargement when there is : > 
much on the left side, though sometimes a large right atrium obscures this feature. 


Fic. 1.—Teleradiograms from two boys, aged 8 and 10, with tricuspid atresia, who did well for at least six years 
after subclavian-pulmonary anastomosis but have since died. (A) Case 1: c.t.r. 54 per cent (11-0/20-4 
cm.) (B) Case 6: c.t.r. 46 per cent (10-5/24 cm.). 
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Fic. 2.—Teleradiograms from two patients with tricuspid atresia. (A) From a girl, aged 14, with severe 
kyphoscloliosis, who has done well for six years (c.t.r. 589%; 12-0/20-5 cm.) Case 20. (B) From a boy, 
aged 9, who did well until his death from a cerebral abscess (c.t.r. 549%; 9:5/17-7 cm.) Case 17. 
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There does not seem to be any tendency for the aortic arch to be right-sided as it is in so many 
cases of Fallot’s tetralogy. It was in the normal position in all our 24 cases where we have a record 
of the position, and no right-sided aortic arch was reported in any of the 45 cases of Edwards and 
Burchell (1949). 

Left axis deviation and left ventricular preponderance are almost constant and were seen in 
al nost all our cases, but may of course occur in other conditions. Neill and Brink (1955), com- 
p: ring the electrocardiograms in tricuspid atresia and single ventricle, found left axis deviation was 
p: sent in 24 of the 28 cases of tricuspid atresia with necropsy, and left ventricular preponderance 
in 20 of the 21 with precordial leads, but also in 3 of the 7 cases of single ventricle. 

Evidence of right atrial hypertrophy was found in the P wave of 23 of the 28 cases of Neill and 
B ink (1955). Brown et al. (1956) found tall peaked P waves in only 2 of their 8 cases. Vela et al. 
(1 '58) found large bifid P waves in leads I and II in 15 of their 19 cases, indicating enlargement of 
bi th atresia with asynchronous contraction. In our cases, the P wave in one or more leads, usually 
le d II, was more often broad than narrow and pointed; but even when it was broad, the right atrial 
cc nponent was generally larger and pointed (Fig. 3 and 4). In 22 cases, the P wave was of normal 
sie in 3, from 2-5 to 3-9 mm. in 3, from 4-0-5-9 mm. in 12, and larger than this in 4 (6, 6, 7, and 
8 nm.). 





Fic. 3.—Standard leads with large P waves in lead II, and sometimes in lead I, from five patients with tricuspid 
atresia who have died. All show left axis deviation. (A) and (B) Large broad P II, with notching just 
visible on the downstroke. Diagnosis confirmed by necropsy in both. Cases 6 and 23. (C) and (D) 
Exceptionally large pointed P waves in lead II (7 and 8 mm.). Both patients died within three months, 
but the former death was unexpected and from meningitis. Cases 9 and 14. (E) A large broad notched 
P II from Case 8, who died with congestive heart failure ten months after operation. 


A clinical diagnosis that rests mainly on the left ventricular preponderance will prove wrong 
in some of the cases, and angiocardiography is of great value in reaching a final conclusion. The 
passage of blood from the right to the left atrium is shown clearly. Campbell and Hills (1950) 
demonstrated a clear area between the right atrium and left ventricle and called it the “right ventri- 
cular window’”’: this was well seen in 7 of the 8 cases of Brown et al. (1956). Cardiac catheterization 
is not generally of much value except when it proves the diagnosis is wrong. The atrial septal defect 
was demonstrated in only about half our cases but generally is shown more often. The arterial O, 
2Z 
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Fic. 4.—Standard leads with less striking P waves in lead II from six patients with tricuspid atresia. All 
show left axis deviation though there is a significant R III in (C). Cases 20 and 18 (A) and (C) have done 
well after operation but the other four patients have died. 

(A) and (B). Large broad P waves in lead I with smaller ones in lead II. Cases 20 and 16. (C) to (F) 
Smaller P waves in lead II but still above normal limits. Cases 18, 19, 7, and 12. 


saturation lay between 56 and 79 per cent in six consecutive cases, lower than the average of our 
cases of Fallot’s tetralogy: generally the cyanosis and clubbing are moderately severe. 

Even after angiocardiography, the diagnosis must sometimes remain in doubt, as is shown by 
later re-examination of some of the patient, even after an operation (e.g. Case 27) and sometimes 
only by necropsy. It would be more accurate if the title of this paper was the tricuspid atresia group: 
this forms a natural clinical group that must be considered together for some purposes. 


PROGNOSIS WITHOUT OPERATION (22 PATIENTS) 


To the original 31 patients, we have added 9 others seen later. Of these 40 patients, 12 had 
operations and are considered in the next section on surgical treatment, though they include two 
who were found at a later stage not to have tricuspid atresia. In addition to these two, 6 others were 
proved not to have tricuspid atresia, but their inclusion would hardly have changed the prognosis as 
four of them havedied. They too are considered in a later section (see p. 707). The remaining 
22 patients, presumed to have tricuspid atresia, are considered here: 16 of the 22 are known to have 
died, generally within a few years. 

Patients who have Died (16 shown in Table 1). In spite of this very heavy mortality of 73 per cent, 
the group seemed to be fairly representative of the cases of tricuspid atresia that survive infancy. 
Only the youngest and the oldest of the patients came to hospital because of their terminal illness—- 
the infant with cerebral symptoms (Case P052) and the woman of 23, who had always been severely 
disabled, with congestive failure of recent origin. The others were brought up to see if they could 
be helped by operation and did not seem much worse than the patients with Fallot’s tetralogy seen 
at that time. 

Nearly all were severely disabled and about an equal number were put into grades 3 and 4, 
as was the case also among those with Fallot’s tetralogy. Very few (much fewer than in Fallot’s 
tetralogy) were put into grade 2, and two of these happened to have surgical treatment, though in 
one it was not till 9 years later. All were in grades 3 or 4 for cyanosis (about equal numbers in eacl:) 
and all had well-marked clubbing of the fingers. 


Some details of the 16 patients who died are shown in Table I. The hemoglobin was mo-t 
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TABLE I 
SIXTEEN PATIENTS WITH TRICUSPID ATRESIA WHO HAVE DIED 











Case No. Year | Sex | Age | P 

















| Hb | Mode of death and other comments 

| when | and at | wave| % 

| first | age death | size | 

| seen | | (mm.) | 
3 (0062) | 1947 | M6 | 7 | 6 | 140 | Attacks of unconsciousness. Died suddenly with 

| | whooping cough 
7 (POS2) - 1947 Fl bok ag — | Died with ? cerebral abscess 
9 (P101) 1947 Mil 11 | 7 =| +=— | Died with meningitis 
0 (P103) 1947 M4 6 3 | — 
1 (0154) 1948 | F2 > | @& 1 Sie | Died in attack of unconsciousness 
2 (0180) 1948 | M7 8 | 5 | 146 | Severe; coarctation also 
3 (0211) 1948 | M6 10 5 136 | Died with “pneumonia” and hemoptysis 
4 (0296) 1948 | F2 3 8 84 Severe; 
5 (0371)* 1949 M3 6 5 | 150 | Attacks of unconsciousness. Died suddenly 
6 (0390) 1949 F6 12 5 122 | Severe; ? pulm. atresia also. Hamoptysis 1 yr. 
| | before death 
9 (P124) 1949 F2 3 2.4 — Many attacks of unconsciousness; died in one 
21 (0495) 1950 | F4 6 2 95 Fairly severe 
12 (0538) 1950 | F4 6 4 | 130 | Severe. Died suddenly 
23 (0633)* 1951 | F4 6 5 | 140 Died S.B.E. and meningitis. Necropsy 
15 (HHIP) 1952 M4 4 3 | i ? Pulmonary atresia also 
23 2 


26 (0806)* 1952 F23 90 | Died with congestive failure. Necropsy 





* Patients with necropsy. The mode of death is given where it is known. 
The case numbers in Tables I and II indicate the order in which the patients were first seen. 


often between 130 and 146 per cent and averaged 136 per cent, excluding the three deeply cyanotic 
patients where it was under 100 per cent since they must have been very “‘anemic.”” One reason 
for thinking they were severe cases is that the largest P wave (generally in lead II) averaged 4-4 mm. 
in height. The larger P waves seem to be an indication that the patient’s condition is advanced and 
that he should be given the advantage of surgical treatment. In simple pulmonary stenosis P waves 
of 5 mm. or more have the same significance (Campbell, 1954), but here the explanation is more 
obvious and operation provides more direct relief. 

The mode of death is given in Table I where it was known. Four patients had cyanotic attacks 
in which they went unconscious—a common complication in severe Fallot’s tetralogy as well as in 
tricuspid atresia, and even more common in pulmonary atresia. All these four and one other died 
suddenly in such attacks. This was the most common mode of death, though cerebral abscess or 
meningitis occurred in three and two had hemoptysis about the time they died: congestive heart 
failure was known to be the cause of death in only one of these patients though it was the cause of 
death in two others after operation (Cases 2 and 8). 

The average duration of life of these 16 patients after they were first seen was less than 2 years 
and only two lived 4 years or more. In retrospect, it seems wrong that more of them did not have 
anastomotic operations, but in 1947-50, with the large number of patients waiting, those who seemed 
likely to obtain most benefit from operation had to be given preference, and I did not then realize 
how bad the prognosis for tricuspid atresia was. The boy, aged 11 (Case 9), was speically 
disappointing for he was not much disabled and could play a little cricket, and his meningitis was 
sudden and unexpected while he was waiting operation. 

Necropsies. Only 3 of these 16 patients had necropsies and all were proved to have tricuspid 
atresia. Cases 15 and 26 will be mentioned only briefly as they have been fully reported by Scott 
(1955). In Case 15 the pulmonary trunk was transposed to the left ventricle and there was some 
subvalvular stenosis: the right ventricular cavity was little more than a slit in the muscle. In the 
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other two there was no transposition of the great trunks. In Case 26, the ventricular septal defect 
(V.S.D.) measured 1-0 by 0-75 cm., the right ventricle was very small, and there was some pulmonar y 
infundibular stenosis. In all three there was an atrial septal defect, and this was largest and admitte | 
the tips of four fingers in Case 26, the woman who lived for 23 years. In Case 23 we have no detai 5 
of the size of the V.S.D. or of the type of obstruction. Meningococcal meningitis had been dia; - 
nosed by lumbar puncture during life and this was confirmed: there was no brain abscess bit 
she had subacute bacterial endocarditis, and the V.S.D. was encircled by vegetations. A fouri1 
necropsy is included in the surgical section (Case 6, see p. 706). 

Patients who Survived. Only 6 of the 22 patients were living when we last heard about ther . 
The first three, all boys between 8 and 18, are unusual in that they all got on so well for another s x 
to ten years. The first (Case 29) has now had an operation but he has been left in this grou) 
because of the long follow-up before operation and the short time that has elapsed since it. 

Case 29. A boy, aged 8, was moderately disabled and cyanosed. Investigations showed the presence 
of bilateral superior vene cave and a right-to-left shunt through a large atrial septal defect and supporte d 
tricuspid atresia with a heart greatly rotated to the right. He could walk half a mile and remained much tle 
same for 9 years until he developed subacute bacterial endocarditis. He made a good recovery and s:x 
months later had a subclavian-pulmonary anastomosis: he was greatly improved both in his capacity and 
colour, and has maintained this for 2 years. 

Case 30. A boy, aged 12, had relatively few symptoms but examination and catheterization supported 
the diagnosis of tricuspid atresia. He has remained well for ten years: he is working regularly and notices 
little wrong except his cyanosis. 

Case 31. A boy, aged 18, had,left ventricular hypertrophy on the cardiogram and on radioscopy, but 
few symptoms and no obvious oligemia of the lungs. Six years later he was working regularly in a laboratory 
and could spend an energetic day in the country shooting. 

Cases 32-34. These three patients do not give us much information. One infant of a year was still 
getting on well after four years. The other two have not been traced, and, as one was an infant with frequent 
attacks of uncounsciousness and the other a mongol with hemiplegia, we think it unlikely that they are 
alive. 


RESULTS OF SURGICAL TREATMENT IN 12 PATIENTS 


There were 7 patients diagnosed as tricuspid atresia with a non-functioning right ventricle among 
the first 200 submitted to subclavian-pulmonary anastomosis (Campbell and Deuchar, 1953), and 5 
more have had an operation since. All these 12 survived the operation. This must be good 
fortune as it cannot be safer than the same operation for Fallot’s tetralogy, and is probably more 
dangerous since the patients are generally more disabled and the malformations of the heart are 
even more complex. As will be seen from the notes that follow, Cases 4 and 27 were not examples 
of simple tricuspid atesia. 

Details of our 12 patients are given in Table II. We are describing them in three groups: (1) 7 
who are still doing well after seven to ten years; (2) 2 who did well for six years or more but then 
relapsed and died in the tenth and seventh years respectively (Cases 1 and 6); and (3) 3 who died 
within eighteen months of their operation, two from congestive heart failure (Cases 2 and 8) and 
one from a cerebral abscess (Case 17). 

The results of operation were good, but perhaps not quite as good as those for Fallot’s tetralogy. 
This might be expected since the malformations of the heart are more complex. All the patients 
were greatly improved for some time and more than half of them have maintained this for from 6 to 
10 years. Only in Case 1, and this in the tenth year, has the anastomosis closed, but this must be a 
lasting hazard, as has been found after operations for Fallot’s tetralogy (Campbell, 19585). 

Case 5 could hardly have done better and has maintained his exceptionally good result for mor: 
than ten years. Case 20, who was more disabled, has done nearly as well. These are the onl/ 
two who have passed the age of going to work and both have been working regularly for some years. 
Case 24 seems as good and should make this grade soon, but a year ago she had an illness that 
caused some anxiety: she seems, however, to have made a complete recovery. Cases 4, 18, and 2' 
have maintained all their improvement for from six to eight years and Case 27 is still greatly improvec. 
Even Cases 1 and 6 were much better for more than six years before they relapsed. 
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TABLE II 
CLINICAL FINDINGS IN PATIENTS BEFORE AND AFTER OPERATION 
~~ 7 
Case Sex | Year | Before op. | Years after op. | Later follow-up 
No. = of op. | ctr. |Hb% | Years | ctr. | Hb.% | 
eI | | | 
1 | M8 | 1948 | 53 | 125 6 56 | 125 | Lost ground 6th-8th year. Died 11th 
| | year 
47 M9 | 1953 | 54 | 126 7 58 | 117 | Little improvement for 2 years, then 
| _ improved and after 7 years still good 
5 | M19 | 1948 40 | 144 4 45 112 | Ten years very well (c.t.r. 42: Hb. 125) 
6* M10 | 1950 | 43 | 145 4 46 | 130 | Lost ground 6th year. Died 7th year 
8 M6 | 1953 | 59 | 142 4 55 | 103 | Eight years still good (c.t.r. 53: Hb. 100) 
0 | Fl4 | 1951 | S58 | 128 6 62 | 112 | Ten years still good (c.t.r. 63°%) 
4 |. F8 1953 | 50 | 116 | 4 48 | 108 | Seven years, some purpura and oedema of 
| ankles, but 8 years very well 
vy | OMS 953 | 3 | FF } 4 50 | 101 | Seven years, improvement maintained 
but Hb. 126% 
. 1 1954 | 56 | 136 4 54 | 117 | Six years equally well but Hb. 136°% again 
Patients who died early 
2 | M4 | 1948 | 61 | 132 6/12 69 | 109 Died congestive heart failure, 8 mo. after 
8 | M9 | 1950 | 63 | 125 8/12 | 68 | 100 | Died congestive heart failure, 10 mo. after 
7 M9 | 1951 | 54 | 148 10/12 | 60 | 100 | Died cerebral abscess 18 mo. after 
{ 








* Diagnosis confirmed by necropsy. ; 
+ There was evidence that these were not cases of simple tricuspid atresia (see text). 


There was rather less close correlation between the clinical improvement and the objective 
findings than there is after operations for Fallot’s tetralogy. The heart generally became larger, as 
it nearly always does after a successful operation for Fallot’s tetralogy, but not after some of the 
later operations (Cases 18, 24, and 28). The hemoglobin percentage fell but generally remained 
above normal. It showed some tendency to rise again, even without any apparent loss in the clinical 
improvement, e.g., Cases 27 and 28. 


Great Improvement Maintained for Several Years (7 Patients) 


Case 4. A boy, aged 4, was moderately disabled and cyanosed (grade 3) with left ventricular prepon- 
derance, and a large broad P wave of 4mm. At angiocardiography the blood appeared to pass from the 
right to the left atrium and quickly reached the small aorta. Catheterization was indecisive: bilateral 
superior venz cave (O> sat., 56 & 60°%%) entered a large atrium (QO; sat., 63°%) that was thought to be a right, 
rather than a common, atrium. The catheter entered a ventricle with a systolic pressure substantially the 
same as that of the systemic arteries and an arterial O, saturation of 70 per cent, mid-way between that of the 
atrium (63°) and the systemic arteries (78%). Dr. Deuchar thought that it was a right ventricle and that 
the aorta arose from this, but it could have been a common ventricle. 

His operation, when he was 9, confirmed that he had a more complex lesion than tricuspid atresia. 
He had valvotomy for pulmonary stenosis: both atrial appendages were on the left side and there was some 
suggestion of a single ventricle. He did not seem much better a year after his operation, but then improved 
slowly and steadily, and was much better and able to do more after 7 years. 

Case 5. A boy, aged 19, has done well for ten years and can walk four miles with ease instead of half a 
mile with difficulty before operation. His colour is greatly improved. His heart was very small before 
operation so that an increase in the cardiothoracic ratio from 39 to 46 per cent still leaves it small. As 
usual, this increase took place soon after operation and has not progressed. He is working as a warehouse- 
man and on a recent holiday walked twelve miles—the best result after an operation for tricuspid atresia. 
He has been reported as an example of unilateral rib-notching (Campbell, 1958a, Fig. 2). 

Case 18. A boy, aged 6, had the usual signs of tricuspid atresia and could walk only 200 yards. After 
operation he became much better and has maintained his improvement for eight years. He is still frail, 
but can now walk a mile: his heart has actually become smaller and his hemoglobin percentage has fallen 
from 142 to 103, though he is still cyanosed (grade 2). 
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Case 20. A girl, aged 14, was not so severely disabled but had a larger heart and also kypho-scolios s 
(Fig. 2A). She was much better after operation and could soon lead a normal quiet life. After three yea s 
her hemoglobin was 112 instead of 128 per cent and her heart had not increased greatly (c.t.r. 58 to 62%). 
After 10 years, she is just as well and leads a normal quiet life, doing regular secretarial work and playir g 
table tennis: her heart is no larger. 

Case 24. A girl, aged 8, was very frail and disabled but not very cyanosed (grade 2). She had let 
ventricular preponderance and P II was broad but only 2:5 mm. in height. At her anastomotic operatio:, 
she was thought to have infundibular stenosis. A year after she was much better. In the seventh year st e 
had an illness with purpura and swelling of her ankles, but blood cultures were negative. In the eigth ye: r 
she was as well as ever, leading an active life at school and running about with her friends. Her heart had 
been of normal size and remained so. Her hemoglobin had fallen from 116 to 108 per cent. 

Case 27. A boy, aged 6, appeared to have fairly severe tricuspid atresia, with a large pointed P II, 4 mri. 
high. Angiocardiography was thought to support the diagnosis as the diodone appeared to pass from tle 
right to the left atrium, and thence to the left ventricle and aorta, with little filling of the pulmonary arterivs 
and lungs. After subclavian-pulmonary anastomosis he was much better and maintained most of his 
improvement for 8 years. 

Then, since he seemed unlikely to be able to earn a living after leaving school, his parents were anxious to 
know if more could be done. Selective angiocardiography now suggested that he had a V.S.D., pulmonary 
stenosis, and corrected transposition. The catheter passed through the right atrium and lay apparently 
above the V.S.D. as the injected material entered both ventricles. The ventricle on the right seemed from 
its shape and size to be a “‘left ventricle” and the pulmonary trunk arose from this, presumably with moderate 
pulmonary stenosis. The ventricle on the left was thought to be a “‘right ventricle’”’ and the aorta arose from 
this. Some regurgitation of injected material from the ventricle on the right to the right atrium finally 
excluded tricuspid atresia which had been accepted without question up to this stage. 

Case 28. A girl, aged 5, was severely disabled and cyanotic (grade 4) and could walk only 20 yards. 
I had made a diagnosis of tricuspid atresia when she was 2 years old and the cardiogram already showed left 
ventricular preponderance and a large pointed P II, 5 mm. high. Three years after an anastomotic operation 
she was doing well at school and could walk two miles: she rarely squatted but was still deeply cyanosed. 
Her heart was a little smaller. After another three years she was equally well and active but her hemoglobin 
which had fallen to 117 had risen to its original level of 136 per cent. 


Great Improvement for Several Years but Relapse and Subsequent Deati: (2 Patients) 


Case 1. A boy, aged 8, was extremely blue and became exhausted after walking 20 yards. He was 
at once improved by operation, but was so frail that he could not do much at first. With exercises he 
steadily improved for three years and could then run 50 yards or walk five miles and was leading a quiet life 
at school. There was not much increase in the size of the heart (c.t.r. 53 (Fig. 1A) to 56%). He had grown 
6 inches and put on 21 Ib. in weight. ~ 

He continued as well for six years but then his ankles started to swell towards evening. This subsided 
with rest in hospital but his albumenuria, about 1 part per 1000, persisted. He never regained his earlier 
improvement and in the eight year became increasingly tired after an attack of rheumatism with swelling of 
several joints: no evidence of bacterial endocarditis was found. The continuous murmur was still the same, 
and his urine still contained albumen but few casts. It was not clear how much his deterioration was due 
to his heart and how much to his kidneys, but there was no evidence of chronic nephritis. In the tenth year 
he had lost all his improvement and complained of anginal pain: the continuous murmur could no longer be 
heard. He died suddenly with severe chest pain nearly 12 years after his operation. Several of our cyanotic 
patients have had unexplained albumenuria: it would be interesting to know if they have the type of renal 
changes that have been described by Spear (1960). 

Case 6. A boy, aged 10, could walk only 100 yards. After operation he improved slowly and two years 
later he could walk a mile and attend an ordinary school: his cyanosis was somewhat less. There was not 
much increase in the heart size (Fig. 1B). 

In the sixth year he lost some ground and generally went to school by car instead of walking, and in the 
next year he became worse and had attacks of hemoptysis. His continuous murmur could still be heard 
but perhaps less easily. His cyanosis had, however, increased and the hemoglobin, which had fallen fror 
131 to 118 per cent, had risen again to 134 per cent, with a red count of 13 million. He seemed unlikely t> 
be able to work as a pharmacist and we were considering a second anastomosis, when he had some transier t 
difficulty in speaking, with diplopia and numbness of the left side of the face, that were thought to be due t> 
thrombosis of a basilar artery. When he had recovered a second operation was carried out on the right sid«, 
but he died three days later with bronchopneumonia. 

Necropsy. The heart weighed 395 g. The right atrium was dilated and hypertrophied with a larg: 
Eustachian valve. There was no tricuspid orifice but a large ostium secundum defect, measuring 20 x 12 mn. 
The left atrium, slightly dilated and hypertrophied, received the pulmonary veins normally, and the mitr: | 
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valve ring was dilated. The left ventricle, much dilated and hypertrophied and 20-24 mm. thick, made up 
the greater part of the heart. The aortic valve was normal, but the aorta was hypoplastic. 

The ductus arteriosus was closed and the bronchial arteries were not hypertrophied, so blood had reached 
the lungs only from the R.V. through the V.S.D. This was 3 mm. in diameter and high in the septum and 
opened into a rudimentary right ventricle with a muscular wall only 3 mm. thick. There was moderate 
ir ‘undibular stenosis, and a normal pulmonary valve. The pulmonary trunk rose from the small right 
v. ntricle, and the arteries were only slightly hypoplastic. 

The old anastomosis was perfectly patent but its subclavian component (14 mm. in diameter) showed a 
lcw atheromatous plaque. The recent anastomosis also was satisfactory. The V.S.D. was ringed by pale 
b own vegetations on its right ventricular aspect: section showed these were covered by endothelium and 
re undergoing organization, and the bacilli seen on the surface were thought to be contaminants. 

The lungs showed some bronchopneumonia and severe collapse secondary to widespread bronchiolitus. 
e liver was pale with some fatty changes. Externally the brain showed general congestion. The other 
cera were normal. 


= 
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< 
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mporary Improvement but Early Death (3 patients) 


Case 2. A boy, aged 4, was greatly improved, both as regards his capacity and his colour, and there 
uld have been no grounds for caution had he not been seen after six months and found to have a much 
ger heart (c.t.r. 61 to 69°%%). He died two months later with congestive failure. 

Case 8. A boy, aged 9, became less cyanosed and for some months was able to get about better but this 
‘is at the expense of a larger heart (c.t.r. 63 to 689%) and some right-sided congestive failure for his liver 
came larger and pulsatile. In spite of treatment in hospital the signs of failure could not be reversed and 
died after ten months. 

Case 17. A boy, aged 9, was equally improved after operation, but his heart also became larger (c.t.r. 

.. (Fig. 2B) to 60%). He remained well for 18 months when he developed headaches and vomiting and was 
cmitted to hospital elsewhere, gravely ill with meningitis. In spite of treatment he died three weeks later. 

1e purulent exudate over the base of the brain and the cerebellum had spread from an abscess in the left 
occipital lobe—a condition that seems to be common with all froms of cyanotic congenital heart disease 
(Campbell, 1957). The middle ears were found to be normal. The heart and lungs were set aside for further 
examination but were unfortunately lost. 
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PATIENTS WHO HAD NOT TRICUSPID ATRESIA (6 PATIENTS) 


In addition to Cases 4 and 27 who had surgical treatment, six other patients, who were thought 
to have tricuspid atresia on the general picture with varying degrees of left ventricular prepon- 
derance, were found to have other malformations. These included pulmonary stenosis with a 
rotated heart (35), an undeveloped right ventricle (36), a funtional single ventricle (37), cor biloculare 
(38), and more complex combinations (39 and 40). The last three had necropsies and brief notes of 
these six follow. 


Case 35. A girl, aged 12, had the general picture of tricuspid atresia and also severe kyphosis and the 
Klipper-Feil syndrome with a webbed neck. After catheterization she was thought to have pulmonary 
stenosis with a grossly rotated heart and a right-to-left shunt through an unsealed foramen ovale. She was 
improved by a subclavian-pulmonary anastomosis and is getting on well 9 years later. 

Case 36. Aman, aged 32, had always been breathless and cyanotic, but managed to work on a farm till 
he was 31, when he became more short of breath and had hemoptysis on several occasions. Tricuspid 
atresia was suspected because of the left ventricular preponderance, but was disproved on catheterization. 
He had an atrial septal defect, presumably the site of the right-to-left shunt, but a very low pressure, 8/—3 mm. 
Hg, in the right ventricle with a normal pressure in the left. The only explanation seemed to be that 
the right ventricle was underdeveloped and ineffective but he had none of the other features of Ebstein’s 
syndrome. 

Case 37. A girl, aged 11, was shown to have a small right-to-left shunt through an unsealed foramen 
ovale and equal pressures with almost complete mixing of the blood in the two ventricles, i.e. a functionally 
single ventricle (P143). Her condition remained much the same till a few months before her death, 8 years 
later: there was no necropsy. 

Case 38. A boy, aged 12, was suspected of having tricuspid atresia because of a tendency to left ventri- 
cular preponderance. He was proved to have cor biloculare with an unusual type of infundibular stenosis 
and has been fully reported with a necropsy by Campbell and Jackson (1953). 

Case 39. A girl, aged 7, was suspected of having tricuspid atresia because of striking left axis deviation. 
She died during an attack of unconsciousness and was proved to have a small right ventricle, atrial and ven- 
tricular septal defects, infundibular stenosis, partial transposition of the great vessels, a common pulmonary 












MAURICE CAMPBELL 





708 


vein, and both atrial appendages on the left of the great vessels. She has been fully reported with a necropsy 


by Dixon (1954). 

Case 40. A girl, aged 2, was cyanotic (hemoglobin 110-120%) but not very disabled, as later she cou! 4 
walk half a mile. In view of pleonemic lungs, an unusual shaped heart with more enlargement of tle 
left than of the right ventricle, and left ventricular preponderance, she was thought to have transposition «f 
the great vessels and tricuspid atresia. In fact, she had neither of these anatomical lesions but unusual ma - 
formations that produced similar functional effects. She kept about the same till six years later when she wi s 
admitted to Great Ormond Street Hospital with a week’s history of malaise and signs of meningitis. \ 
cerebral abscess of the left fronto-parietal lobe was aspirated but she died shortly afterwards. 

Necropsy. There was a ragged abscess cavity, 5x 6X 4cm., with a well-marked cerebellar pressure con >, 
The lungs were congested. Except for these and the heart, the other viscera were normal. 

The heart was very large, reaching 4-5 cm. to the right and 6-5 cm. to the left. There was a single atriur 1, 
measuring 7x 5x5 cm. and a single A-V valve. The left vetricle, pear-shaped and measuring 6 by 4 crn., 
communicated through a V.S.D. with the upper part of the right ventricle. The aortic valve was normé|. 
The large aorta, 2:2 cm. in diameter, arose from the left of the left ventricle. The arch was right-side. 
The ductus was obliterated. 

The main part of the right ventricle, measuring 5 by 4 cm., lay to the right and was completely separated 
from its upper part by a thick band of muscle so that it was without any outlet or functional piace in tle 
circulation. The upper part of the right ventricle, 2 cm. long and 2 cm. wide, was cylindrical and received 
blood from the left ventricle through the V.S.D. The pulmonary trunk, also 2 cm. in external diameter, 
arose from this upper part of the right ventricle to the right of the aorta. The pulmonary valve was normal. 


DISCUSSION 


Classification. Cases of tricuspid atresia were divided by Kuhne (1906) into those without 
and those with transposition, and this division has been accepted by most writers. Edwards and 
Burchell (1949) subdivided the former into those with pulmonary or subpulmonary stenosis (28 cases) 
and those with pulmonary atresia (4), and the later (with transposition) into those with (8 cases) and 
those without pulmonary or subpulmonary stenosis (5 cases). In the first group, the obstruction to 
the pulmonary blood flow was not always due to valvar or infundibular stenosis for unless the ventri- 
cular septal defect (V.S.D.) is large (and often it was very small) an adequate amount of blood 
can not reach the right ventricle on its way to the lungs. 

The most important clinical distinction is whether the blood flow to the lungs is diminished or 
increased, and for this reason the classification of Astley et a/. (1953) which follows seems more 
satisfactory for clinical purposes. The numbers of their cases are given in brackets after each group. 

I. Without transposition of the great vessels. 

(a) Without pulmonary stenosis. Lungs oligemic unless V.S.D. is large (3 cases). 
(6) With pulmonary stenosis (or atresia). Lungs oligemic (3 cases). 
(c) Presence of pulmonary stenosis uncertain (3 cases). 

II. With transposition of the great vessels. 

(a) Without pulmonary stenosis. Lungs pleonemic but systemic flow may be poor (4 cases). 
(6) With pulmonary stenosis. Lungs generally oligemic, but blood flow may be satisfactory 
or even too large if the stenosis is slight (3 cases). 

Most of our patients belonged to Group I (without transposition). Edwards and Burchell (194°) 
found 77 per cent of their patients in Group I and found that less than one-fifth of them reached the 
age of 2 years. It seems, therefore, that our older patients, although most of them have done so 
badly, must have been the survivors of a much larger number. 

None of our patients were proved to have transposition without pulmonary stenosis (Group II: ) 
but Case 12, who died when he was 7, may have had, since he had coarctation of the aorta also. 
Macafee and Patterson (1961), discussing 14 cases (3 of their own and 11 reported), found coarctation 
in 8 of the 14: only 3 of the 14 lived for more than six months and they died at the ages of 2, 4, and 
6 years respectively. 

Only one of our patients had transposition with pulmonary stenosis (Group IIb) (Case 15, proved 
by necropsy). Case 27 was, however, shown to have corrected transposition with other malfo - 
mations after a second angiocardiogram. 
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TRICUSPID ATRESIA 709 


Patients who have Done Well. Three of our patients got on unusually well without operation: 
they were boys, aged 8, 12, and 18 respectively. Perhaps Case 5, the boy of 19 who has done 
e ‘ceptionally well after operation, was really one of these patients who would have done fairly well 
any case, for he was much less disabled than most of those who had an operation. Probably it is 
‘ance that these were all boys but not chance that they were older than the others when they were 
‘st seen, since the unusual patient who has passed the hazards of infancy and early childhood has 
better expectation of continuing his good progress. 

Presumably the small number of patients who do well have (1) a ventricular septal defect that is 
rge enough to allow an adequate blood flow to the lungs through the small right ventricle, or (2) 
insposition of the pulmonary trunk to the left ventricle with pulmonary stenosis of a degree that 
events pleonemia of the lungs but yet allows an adequate blood flow. Edwards and Burchell 
und prognosis least bad in the last group. 

Surgical Treatment. In all these groups except Ila, the lungs are generally oligemic and the 
p itient can be helped by an anastomotic operation. More rarely, in Group IIb, he can be helped 
t; pulmonary valvotomy, but then the valve opening must not be made too large or the lungs will 
t:come pleonemic and any improvement may not last long. The operation was a subclavian- 
pulmonary anastomosis in all our patients except Case 4 who had pulmonary valvotomy. 

As described earlier, several of them obtained results that were comparable with those obtained 
fir Fallot’s tetralogy. Case 5 has maintained an exceptionally good result for more than ten years 
aid six others are still doing well. Two others were much better for six years until their relapse and 
sibsequent deaths. These results provide a striking contrast with the very high mortality of those 
vho had no operation and suggest that more patients should have had an operation, even if the 
general level of improvement is not quite as great as in those with Fallot’s tetralogy. 

Cases 2 and 8 died with congestive heart failure within a year of their operations, although they 
had been able to do much more and were much less cyanotic. The enlargement of the liver and 
the onset of right-sided failure in these two patients suggest that the right atrium found it difficult 
to get rid of the blood returned to it, perhaps because the defect of the atrial septum was too small. 
But there is no obvious reason why the amount of blood returned to the right atrium should have 
been increased by a successful operation. It was unfortunate that these two, who were among the 
earliest patients operated on, had such large hearts (the only ones with a c.t.r. of 60°% or over), for 
this may have been the main reason for their failure and death, and for making me think that, with 
so many patients waiting for operation, those with Fallot’s tetralogy should have preference as likely 
to obtain more lasting benefit. , 

The difference between these two and the successful cases can be only partly due to the larger 
hearts, since Cases 18 and 20 each had a heart that was nearly as large (see Table II). At first we 
were anxious about these two because of their large hearts, but Case 20 has done well for ten years, 
although the heart became larger, and in Case 18 who also has done well it became smaller after 
operation. It seems that the heart size is some guide as to whether a patient with tricuspid atresia 
can be given a good expectation of lasting improvement after operation; if the cardiothoracic ratio 
is no more than 55 per cent, there is a good chance of a successful result that will last at any rate for 
several years; but if it is 60 or more there seems to be a risk of congestive heart failure in spite of 
improvement at first, and at the least the parents must be warned that a lasting good result can not 
be promised. The figures are too small for this to be accepted without wider experience, but it 
seems likely to prove correct. 

Taussig et al. (1951) also obtained many good results, though with a higher mortality than ‘or 
Fallot’s tetralogy, both at the time of operation and in the first six months after when it was 26 per 
cent. In their later follow-up (White et a/., 1956) several still maintained their improvement but 
again there were more relapses and deaths. It is, therefore, surprising that Brown et al. (1956) were 
so disappointed with their results, all three patients dying soon after: they thought, because the 
muscular arteries and veins showed extensive vascular clotting, that the lungs were unable to deal 
with the increased blood flow, but this has not been our experience. 
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In view of the very high mortality of those who did not have an operation, it seems that a | 
patients with tricuspid atresia, except the small number who have little disability, should be given th: 
chance of a great improvement from an anastomotic operation, until the time comes when a mor? 
curative operation is available. 


SUMMARY AND CONCLUSIONS 


Forty patients with a clinical diagnosis of tricuspid atresia have been reviewed. In one-fifth ¢ f 
them, this diagnosis, based mainly on central cyanosis with left ventricular preponderance in th: 
electrocardiogram and on radioscopy, proved wrong. Angiocardiography generally provided the 
best confirmation. Their clinical features have been reviewed. 

Surgical treatment was carried out in 12 patients, of whom 7 are still greatly improved after 
seven to ten years, 2 did well for six years but then lost ground and died within a few years, and 3 
died within a year or so. Only two of these 7 (Cases 5 and 20) have reached the age when they have 
shown that they can carry on a reasonably normal quiet life at work. 

The prognosis of the other 28 patients proved extremely bad as 20 of them (71%) are known to 
have died. All but 5 of these died within two years of being first seen and only one lived for more 
than six years. Clearly the bad prognosis that is recognized in infancy continues throughout 
childhood. Very few patients have a blood flow to the lungs that is adequate yet not too large. 
This may, however, happen when the ventricular septal defect is big enough to allow an adequate 
flow to the right ventricle that can receive it and pass it on to the lungs without further obstruction, 
or when the pulmonary trunk arises from the left ventricle and a suitable degree of pulmonary 
stenosis protects the lungs from too large a blood flow and yet allows an adequate flow. 

With the advance in open-heart surgery, these considerations must be borne in mind in planning 
a more fundamental improvement in the circulation through the heart. In the meantime, the bad 
prognosis suggests that all patients with tricuspid atresia, except the few with only slight disability 
and cyanosis, should be given the chance of a subclavian-pulmonary anastomosis: this certainly 
improves their capacity and prognosis, though generally less than in Fallot’s tetralogy. 


It is a pleasure to thank Sir Russell Brock and Mr. Holmes Sellors for operating on twelve of these patients. I am 
grateful to Dr. Deuchar for many of the catheter results and for giving me the opportunity of a final follow-up of most 
of these patients during the last year. 
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J. S. HALDANE CENTENARY, 1961 


The Physiological Society has recently commemorated the centenary of the birth of John Scott 
F aldane in 1860, by organizing a symposium and by devoting the first day of their meeting to papers 
0: his pioneer work and subsequent developments. These were held at Oxford on July 24-29, 1961: 
n arly every respiratory physiologist of world renown was able to be present. 

Haldane’s additions to knowledge were mainly in the field of respiration and its regulation: this, 
h »wever, is closely connected with the regulation of the circulation, and neither can be of maximum 
ue to the body without the other. He was a pioneer also in the study of acclimatization to the low 
C, pressure of high altitudes, and the adaptation of the subject with cyanotic congenital heart disease 
is in many ways the same, since it too is mainly the reaction to low O, pressure. These two aspects 
n.ake the questions discussed of special interest to cardiologists apart from the intrinsic interest and 
importance of all his work. 

Haldane would have been the first to admit that the time was ripe for great advances, but without 
his widespread activities and his grasp of the subject as a whole, it is doubtful if such simple concepts 
about the regulation of the breathing would have been reached—concepts that have lasted with little 
change for so long. He would have wished also that the names of many others should be mentioned 
—both those who worked with him and those who worked at other centres—especially August 
Krogh of Copenhagen, Joseph Barcroft of Cambridge, and C. G. Douglas of Oxford. Douglas 
was fortunately able to attend and received an especially warm welcome when he took the chair 
at the opening of the symposium. 


MONDAY AND TUESDAY: NORMAL CONTROL OF RESPIRATION 


After the chairman of the symposium C. G. Douglas had given his opening address, the first 
two days were given to papers on the physiological control of respiration. The relative roles of 
CO, lack of O,, and nervous impulses were discussed, and also the part played by peripheral and 
central receptors, especially chemo-receptors. A great deal has been learnt in detail since Haldane’s 
work but agreement about how exactly these different factors are co-ordinated in the control of the 
respiration does not seem to have been reached. 

Among many papers of interest, only a few can be mentioned. B. B. Lloyd and D. J. C. Cun- 
ningham, who had been the main organizer of the symposium, put forward a quantitative exposition 
of the relationships between pulmonary ventilation, the alveolar gas pressures, and other factors 
such as temperature, noradrenaline, and metabolic acidemia. These were expressed in a relatively 
simple algebraical formula which fitted in with many of their data. A.Crapton Smith and J. M. K. 
Spalding showed, however, that in patients who had earlier needed artificial ventilation for several 
weeks with positive pressure regulation, spontaneous ventilation was affected for some time by the 
rhythm of this. 

E. Neil described his observations on the chemosensory terminals of the 9th nerve in the cells of 
the carotid body. They are excited when these cells are exposed to a fall in their tissue pO,. This 
does not happen easily because of their fantastically large blood supply. E. Witzler (Germany) 
presented different views on this subject. 
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There was an excellent discussion on the brain stem centres that are sensitive to CO,. This hai 
been co-ordinated in advance by the speakers and was followed by a lively discussion. The concep:s 
presented here, by Dr. E. Leusen (Ghent), L. D. Robin (Pittsburg), S. Semple (London), H. Loeschck = 
(Gottingen), and C. Lambertsen (Philadelphia), that pH, or something closely related to it, in th: 
C.S.F. controls respiration, and that blood pCO, is the dominant factor in adjusting C.S.F. pH, wer: 
an exciting extension of previously held views on the nature of the control response to CO,. 11 
retrospect, Haldane’s views on the subject expressed before the first World War have a surprisingl / 
modern ring. 

H. Rahn’s (Buffalo, N.Y.) contribution on breath holding and “skin diving” deserves mentior , 
because it was so much in the Haldane tradition of elucidating complex situations with simple 
apparatus and clear thought. 

H. de B. Daly and M. J. Scott described their work on the influence of breathing low O, mixtures 
on increasing the heart rate and cardiac output. Reflexes from the carotid body chemo-receptor:, 
which by themselves produce bradycardia, were changed by the increased pulmonary ventilatior., 
with the result that tachycardia replaced the directly induced bradycardia. 

It would be interesting to know if this relationship of ventilation and cardiac activity is present 
in the response to exercise and how the increases in both are correlated. Though there was much 
discussion about the increase of ventilation with exercise (see p. 713), there was little about the similar 
increase of cardiac output, another of Haldane’s major interests. The co-ordination of ventilation 
with the increased demands made during exercise, especially the fact that the receptors on the arterial 
side continue to stimulate respiration after so much of the stimulating substances have been removed 
by the lungs remains an unsolved mystery. The study of the simultaneous changes in ventilation 
and cardiac output in patients with heart disease—especially those with cyanotic congenital heart 
disease who provide such natural experiments in the reaction to lack of oxygen—might throw more 
light on the mechanisms involved and on their relationship. — 


WEDNESDAY: RESPIRATORY ADAPTATION TO HIGH ALTITUDES 


H. Chiodi from Argentina spoke of his results obtained on residents at various altitudes, from 
sea level up to a height of 4500 metres (14,800 ft.). The arterial O, saturation falls from 96 to 83 
per cent, and the arterial pCO, from 40 to 34 mm. Hg, but the arterial plasma pH remains relatively 
constant. The increase in the pulmonary ventilation above that at sea level is already 16 per cent 
at 2000 m. and 26 per cent at 3000 m. (10,000 ft.), but does not increase greatly after this. Breath- 
ing pure O, shows that the chemo-receptors are more active between 2000 and 3000 m., but in no 
case does it bring the ventilation back to sea-level values. He concluded that the increased venti- 
lation can not be explained entirely by changes in arterial pO, or in the sensitivity of the respiratory 
centre to CO, and that there must be other regulating factors. His results on the natives at high 
altitudes differed in some respects from the speakers who had studied visitors only. 

R. H. Kellogg of California pointed out that hyperventilation, due to hypoxic stimulation of the 
chemo-receptors, is the most important early adaptation to altitude, but it lowers the pCO, leve!. 
The regulatory mechanism is progressively reset so that it becomes sensitive to lower levels of pCO). 
He concluded that the changes in the level at which pCO, stimulated the respiration played the major 
role in the early stages of acclimatization; but that the mechanism remained obscure. 

J. S. Milledge (with L. G. C. E. Pugh) spoke of the results of the recent British expedition to th> 
Ama Dablam glacier in the Himalayas. Physiological equipment had been set up at 17,000 ft. and 
some at 19,000 ft. (6000 m.), and several members had lived for some months at these heights so 
that their adaptation could be studied. By applying the techniques that had been developed at 
Oxford, they showed that the main regulatory changes to acclimatization are confined to the res- 
ponse to CO,, the response to hypoxia remaining largely unchanged. Only a part of the change! 
CO, response is explained by the acid-base changes in the blood and other chemical changes, perhap; 
in the cerebro-spinal fluid, need investigation. 
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After these, two unrelated papers were read. C. Liljestrand and his colleagues from Stockholm 
found that passive tilting from supine to standing position quickly led to a fall in blood pressure, 
increased ventilation, a lowering of the end-tidal CO, pressure, and an increased arterial pH, with 
the usual rise of pulse rate. These changes tended to revert to the previous levels in orthostatically 
stable subjects, but not in the unstable, where they might progress till the subject fainted. On 
ti'ting back to the supine position, the reverse changes were observed and again there was some 
o ershoot. 

J. B. S. Haldane (with Helen Spurway) spoke of the regulation of breathing in a tropical fish 
tl at lived in rather muddy pools, spending most of its time on the bottom, but ascending for a breath 
o! air which it swallowed and held in the pharynx. These ascents are extremely regular if the water 
is fairly de-oxygenated. On substituting oxygen for air above the water, the time between ascents 
is lengthened from 4 to 16 minutes. Low QO, pressures reduce the time between ascents from 4 to 
a’ out 1 minute. These simple experiments, developed from his father’s 19th century work on man, 
aj ain yielded clear and interesting results. 


THURSDAY: THE HYPERPNCE&A OF EXERCISE 


F. F. Kao of New York described his cross-circulation experiments in dogs to identify the neural 
ai d humoral pathways involved in exercise hyperpneea. All data supported (1) the hypothesis of 
th: exercise stimulus being generated in the working muscles, and (2) the existence of a respiratory 
cl emostat that responds to arterial pCO,, pH, and pO, and of an additional neural mechanism for 
the regulation of respiration in exercice. There is no evidence for the existence of pulmonary 
clemo-receptors that are responsive to humoral agents released from exercising muscles. 

M. Nielson and E. Asmussen of Copenhagen, from experiments where the circulation from the 
working muscles was interrupted by the means of pneumatic cuffs, thought that the neural mechanism 
is more important. Other speakers expressed some doubt as to whether the circulation had been 
completely interrupted. 

P. O. Astrand and E. H. Christensen of Stockholm thought that the small difference in ventilation 
in the first ten seconds of starting light and very heavy work shows that the nervous factors are not 
important in regulating the quantity of the change though they may be in initiating it. The findings 
at the end of exercise are similar. Experiments made during heavy work show that maximal O, in- 
take is nov limited primarily by the ventilatory capacity. 

R. L. Riley from Baltimore showed an ingenious four-quadrant diagram in which the most 
constant relaticnship is between the ventilation and the systemic venous pCO,. The effective 
chemo-receptors should, therefore, be looked for in the systemic venous or pulmonary arterial 
systems. Some speakers thought this constant relationship was no more than an inevitable con- 
sequence of the more generally accepted relationships shown in the other three quadrants. 

P. Dejours of Paris thought that both nervous and humoral factors must be involved, and that 
they are of different importance in the very different types of exercise that can be taken. For 
example, in an easy dynamic exercise such as walking, neurogenic stimuli provoke an immediate 
increase in ventilation; humoral stimuli intervene more slowly; and finally both stimuli determine a 
steady state of hyperventilation. Similar changes occur when the exercise is stopped. 

D. B. Dill of Bloomington, Indiana, reported how his ventilatory capacity and oxygen uptake 
with exercise had declined over the years. The rate at which O, could be supplied to the tissues 
during exercise declined by one quarter from 16 to 45 years, and by nearly one half from 16 to 68 
years of age. 

During the afternoon, papers on various other aspects of respiration were read, but un- 
fortunately I was not able to be present. 


FRIDAY: PAPERS ON VARIOUS ASPECTS OF THE WORK OF J. S. HALDANE 
C. G. Douglas gave an Introductory Address. Haldane’s work was a closely-knit mixture of pure 
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and applied physiology. He had not changed from one to the other, but throughout his life moved 
freely from the laboratory to the coal mine, and from the factory back to the laboratory, making h:s 
discoveries in one sphere illuminate the other. Thus, for example, the investigation of the atmc:s- 
phere of stuffy and unhygienic rooms and factories pointed to the possible role of CO, as the ma n 
factor controlling the breathing; and his knowledge of the high metabolic exchange of small anima:s 
led to his introduction of mice and canaries into the coal mines, as the only test for dangeroi's 
amounts of carbon monoxide that could be used easily by relatively untrained men. He is the on y 
physiologist who has been President of the Institution of Mining Engineers. 

Haldane’s experiments and conclusions generally had the virtue of simplicity, even in subjec:s 
that had seemed very complex before. His methods and apparatus too were generally simple ar d 
some have been used in most parts of the world for many decades—his hemoglobinometer, his ga 3- 
analysis apparatus, and (if we may include his collaborators) the Douglas bag. Provided the app.- 
ratus gave reliable results, Haldane spent no more time on making it less bulky or less fatiguing ‘o 
use: such improvements were generally added by others but the fundamental simplicity remained. 

F. J. W. Roughton of Cambridge spoke on The Chemistry of Respiration. WHere a good deal 
more has been settled about the role of myoglobin in muscle and about the oxyhemoglobin dis- 
sociation curve and the way in which it is influenced by CO. He finished with a quotation froin 
Barcroft expressing warm appreciation of Haldane’s work, which showed how they felt about each 
other in spite of the many battles they had waged. 

J. H. Comroe of San Francisco spoke of Pulmonary Gas Exchange. He agreed that Haldane’s 
view of the secretion of O, by the alveoli had not proved correct (many of Haldane’s pupils did not 
accept this aspect, even at the time). He had found, however, that the alveolar cells did excrete a 
substance that had remarkable effects on the surface tension and helped in the gaseous exchange and 
in preventing collapse of the lungs. 

E. Asmussen of Copenhagen spoke on the Regulation of Respiration, and tried to draw some firm 
conclusions from the various facts that had been brought forward. The pressure of CO, the depres- 
sion of O, below a certain level, and nervous reflexes are all important factors, but the exact way in 
which their influences are correlated is not yet clear. 

A. Hurtado of Peru spoke on Altitude. After summarizing some of the work that has been 
done since Haldane’s expeditions to Pike’s Peak and elsewhere, he emphasized the great difference 
that is found between the relative newcomer who is developing his acclimatization, even after a 
residence of many months, and the Indian inhabitant who has lived there all his life and has a more 
perfect adaptation. Without seeing his paper after publication,* I can not make any useful 
comparison between these men and the patients with cyanotic congenital heart disease. 

In the afternoon, C. G. G. Damant (in absence) and K. W. Donald spoke on Applied Physiology 
in the Armed Forces with special reference to Diving. After paying tribute to both Haldane and his 
son as pioneers in this subject, he described Haldane’s brilliant investigations into the hazards of air 
diving at the beginning of the century. Ina few years he developed the stage decompression system 
which largely solved the problem of decompression sickness. He also demonstrated and remedied 
CO, narcosis caused by inadequate helmet ventilation. 

Donald then reviewed work carried out by Haldane on O, poisoning, submarine escape, the 
development of independent divers, and the use of nitrogen/oxygen mixtures to avoid the hazards of 
OQ, poisoning. He showed how this early and imaginative work allowed others to develop rapid'y 
suits and apparatus for a whole variety of complex operational tasks in the second world war. 

R. Passmore of Edinburgh spoke of Applied Physiology in Industry with special reference io 
Mining. He described some of the work that had been done in preventing the risks of explosion ;, 
but many of Haldane’s methods for detecting these risks are still in use. He paid one of the most 
striking tributes to Haldane’s work when he said that he had started in the mines 18 years aft:r 


sc Papers are to be published in a single volume by Blackwall Scientific Publications, Oxford, towards the end «f 
the year. 
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Haldane’s death; yet he had rarely met a mining engineer who was not familiar with Haldane’s 
work and had met many miners who still remembered him. 

J. B. S. Haldane spoke on A possible development of J. S. Haldane’s Views on the Relation between 
Quantum Mechanics and Biology. The magnitudes of space and time were shown on a logarithmic 
scale and the relatively small parts of these that were concerned with biological processes were 
discussed. He put forward the idea that, in the physico-chemical sense, thought may be a quantal 


‘event which takes a long time, perhaps a second, to be completed; and that this long duration is 


associated with a wide extension in the space involved, a space about the size of the human brain. 


For one who knew the position of respiratory physiology in 1912-22, it was interesting how much 
hd been added without much change in the fundamental principles that had by then been established. 
It was stimulating to hear the differences of opinion still persisting and the frank but friendly 
ci ticisms expressed after so many of the papers. 

The symposium closed with a party in Magdalen College cloisters and a dinner divided between 
Magdalen and University Colleges. 

MAURICE CAMPBELL 











F. G. HOBSON 


Frederick Greig Hobson was born at Hampstead on August 6, 1891, and died at Oxford ca 
June 26, 1961. He came from Westminster to Oxford as a science exhibitioner in October 191.). 
He and the writer were among the small number of medical students at New College, so saw a grei:t 
deal of each other, both in College and at his home; for his father, who was a barrister, had becn 
forced by increasing deafness to give up much of his work and had moved to a lovely country house 
at Drayton not far away. 

It was our privilege to learn our physiology under such great men as Francis Gotch ard 
C. S. Sherrington, successive Wayneflete professors, and also Walter Ramsden and J. S. Haldane; 
and to attend the rounds of Sir William Osler at the Radcliffe Infirmary and to dine at his house 
where he showed us some of his wonderful collection of old medical books and spoke about them 
so lovingly. During our fourth year when reading physiology we were allowed to help Haldane 
and Douglas in their investigations—at that time on the response of the respiratory centre to 
increased CO, and reduced O, pressure in a closed chamber, and on the respiratory exchange 
during exercise. I can still see Fred Hobson pedalling at a sandy pace on the bicycle ergometer, 
while I collected samples of his expired air. 

Within a few weeks of finishing our Physiology Schools, the first world war started. Hobson 
owned a motor bike and within two days of the outbreak of war he had enlisted as a despatch rider. 
Almost at once he was in France with the British Expeditionary Force and took part in the retreat 
from Mons and the successful Battle of the Aisne (September 1914) when he was promoted to be 
sergeant. In October he was at Givenchy, north of Ypres, and was mentioned in despatches for 
the first time. 

His friends were not surprised at the successes that followed, for Fred had great courage and 
devotion to duty and inexhaustible energy—qualities that he showed through life. In June 1915 
he became an officer in the West Yorks. Regt., and in September he was at the battle of Loos. 
In July 1916 he was at the battle of the Somme and in April 1917 at the battle of Arras—all names 
that were well-known to every Englishman of that day. His promotion had been rapid and for 
some time he had been a Brigade-Major, for a time acting as G.S.O.I., and was marked to be a 
battalion commander where I am sure he would have been most successful. He had been mentioned 
in despatches five times and won the much-coveted D.S.O. on the Somme, with the citation “‘ During 
thirty hours he continually organized parties for water and bomb carrying and also for carrying the 
wounded.” 

Hobson was, I think, happy in the Army, but doctors were in great demand and those who hed 
started their medical work were urged to return and complete it. In May 1916, Fred had marricd 
Audrey, the eldest daughter of Professor Gotch, and their elder daughter was born the next year. 
After some trouble with his knee Hobson, therefore, returned to England in May 1917 and con- 
tinued his medical studies at St. Thomas’s Hospital, qualifying in 1919. 

After holding house appointments at his hospital, he returned to Oxford. At first, as Theodo‘e 
Williams Scholar in Pathology, he worked with Professor Dreyer on basal metabolism, and his 
paper on this subject contained some pungent and deserved criticism on the apparatus that was then 
provided for the purpose (Quart. J. Med., 1923, 16, 363). 
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But Hobson was not made for a laboratory. He had been influenced towards medicine and t! e 
care of patients by Osler, though at one time his manual dexterity and his love of an active life hi d 
inclined him towards surgery. Soon after his return to Oxford he started general practice and afi 
a few years moved to 20 St. Giles, a beautiful old house just by the Assize Judge’s Lodgings. He 
he was to practise till 1957, and here he and Audrey made an interesting and happy home for th 
three children and for many friends, including students and colleagues and many others. I wou 
like to quote from one colleague, Dr. Robb-Smith, who wrote: “‘It would have been as appropria 
at 20 St. Giles as it is at Lambaréné to see the inscription—Here at whatever hour you come, y« 
will find light and help and human kindness.” 

In 1921, Hobson became M.R.C.P. and early in 1922 he was appointed Assistant Physician 0 
the Radcliffe Infirmary, proceeding to the degree of D.M. the following year. He became physici: n 
to many of the surrounding hospitals—Wallingford, Savernake, and Marlborough—and to mai y 


ec Oo mnR OF 


schools, and was consultant to the Territorials. It was not long before his services as a consulta.it f 


were in great demand and this was not surprising. His experience of general practice helped hin 
to know just what was wanted; he had a wide knowledge of medicine and of cardiology in particular 
and worked hard to keep himself up to date in every direction; to this he added a rare diagnostic 
skill and meticulous care for detail, and found nothing too much trouble if it would help his patients; 
and, perhaps most important of all, he had a fund of common sense and understood people and their 
problems and treated them as friends. No wonder the demands for his services as a consultait 
spread over a wide area. He became F.R.C.P. in 1933. 

There were few sides of Oxford medical life in which he was not deeply involved, its medical 
societies, the British Medical Association—he was at one time president of the Berks, Bucks, and 
Oxford branch—and most of all the Radcliffe, to which he was devoted. He served as secretary 
or chairman of many of these bodies in turn, including many Radcliffe committees. In 1936, the 
B.M.A. held its 104th Annual Meeting at Oxford under the presidency of the Regius Professor, 
Sir Farquahar Buzzard: Hobson, as local general secretary, showed his great gift for organization 
and with seemingly effortless ease, created one of the most successful meetings on record. 

When Lord Nuffield gave his princely donations to the University to found new professorial 
chairs and departments in the Radcliffe Infirmary, it was inevitable that there would be some 
anxiety as to how these would fit into a hospital that had been mainly for the benefit of the local 
sick. It was Hobson as secretary of the medical staff committee who played a large part in allaying 
these anxieties and integrating the old and the new into a whole that has served equally well for the 
care of patients in a large and scattered hospital anc * hing and research. 

Hobson was one of the original members of the Cardiac Society when it was expanded from the 
older Cardiac Club. He was our Chairman for the Oxford meeting in 1946. Apart from this 
occasion, I do not remember him speaking: in spite of his confident manner, so necessary in a 
successful doctor, he thought very humbly of his ability and felt that he had little to contribute 
worthy of the Society. I wonder sometimes if such members as Hobson with their wide experience 
of clinical medicine should not be invited to take more part in discussions of everyday problems. 
The Cardiac Club heard too little of the new work of younger men: the Cardiac Society in recent 
years has perhaps heard too little about the experience of its older members. 

In addition to all these activities, teaching occupied him increasingly, especially after the 
development of the medical school and the expansion of the Radcliffe into the United Oxford 
Hospitals. With his clear precise mind, he was an excellent teacher and a popular lecturer, aid 
was appointed Litchfield lecturer in clinical medicine in the University of Oxford. When the tine 
came for him to retire from the active staff in 1956, he had been senior physician of the Hospi al 
for more than ten years. 

With his general practice at first and the large consulting practice that developed so quick y, 
there was no early period of leisure for clinical research. But later, Fred made time to write of 
his experience and his work was always clear and of practical importance. Medical writing < id 
not come to him easily, but he laboured at it till the text reached the high standard he had et 





ca 
tir 


on 
th 
til 
fo 


qu 


rel 
int 


nd tie ff 


fe hid 
d aft 

He 
r th 
woU 
ypria 
e, ye 


co RR O FR 


sian o 
ysici: n 


/mary § 


sultant 
2d hin 
ticular 
znOst ic 
tients; 
d their 
sultant 


nedical 
cs, and 
cretary 
36, the 
fessor, 
ization 


-ssorial 
> some 
ie local 
laying 
for the 


om the 
ym this 
ry ina 
\tribute 
erience 
»blems. 
1 recent 


ter the 
Oxford 
er, and 
he tire 
lospi al 


juick y, 
yrite of 
ing cid 
had et 











F. G. HOBSON, 719 


himself. Fevers, especially scarlet fever, were one of his special interests and he wrote several 
papers on them. His book Medical Practice in Residential Schools (1938) can justly be called a 
classic and will continue to prove useful for a long time. 

From 1954 to 1957 Hobson played a large part in planning and carrying out a field study of 
glandular fever. As well as the city of Oxford, most of Oxfordshire and North Berkshire were 
covered for nearly three years. His team examined and kept under observation nearly 350 patients 
\ith proved glandular fever and nearly 800 contacts or suspected cases. Their findings are of 
considerable interest (Brit. med. J., 1958, 1, 854). 

A study on the hazards of infected teeth or fragments of teeth in 45 patients with subacute 
t acterial endocarditis showed a significantly high relapse rate. Hobson and Juel-Jenson thought 
t iat too little attention was paid to possible sources of infection and too much expected of the anti- 
liotic alone, and the paper is certainly of much practical importance (Brit. med. J., 1956, 2, 1501). 


Fred had many interests outside his work. He had a wide knowledge of natural history and, 
{om an early age, his children remember his enthusiastic talks on many aspects of this. He con- 
t nued to keep and enjoy the bees that he had started during the war in 1940, and was very success- 
filwiththem. He read few novels but many books about natural history and sailing, on biography 
ind on history, especially about the two world wars. Physical activity was, however, the important 
€.ement in his recreation. He had always been good with his hands and never lost his enjoyment 
cfcarpentry. Perhaps he preferred work on a big scale but he was a good craftsman and during 
Lis wife’s illness completed a lovely model of a ship. 

Fred was happy in his garden, both at Oxford and in the cottage at Chichester where many of 
tne family holidays after 1930 were spent. Perhaps he was happiest when there was some work of 
reconstruction to be done. At Chichester he was able to indulge in his enthusiasm for sailing, and 
| think the mastery of the boat and overcoming the difficulties of the elements were the aspects that 
attracted him particularly. His first experience of sailing had been a holiday five of us spent on a 
large heavy boat on the Broads about 1911. 

His dark hair and brisk upright figure did not change greatly with the years, though his face 
became a little more lined. He looked what he was—an alert and competent doctor with a kindly 
smile. I hope that this account will have given some impression of his character as well as of his 
achievements. His qualities did not change fundamentally in the fifty years I knew him, though 
he developed them and used them to good purpose, and acquired a broader sympathy with views 
from which he differed. He was a Radical in his early days, not only in politics, but this became 
less evident. There was no change in the high ideals and high standards that he set before himself 
or in the energy and determination that he applied to carry them out. 

As a young man during the war, Hobson had shown his courage and in his last years he was 
called on to show it again. In 1951, he had a severe and complicated cardiac infarct but after some 
time made a good recovery and did not allow it to interfere with his life. But it was not very long 
before the arterial blood supply to his legs began to trouble him and later this progressed until 
one leg had to be amputated in November 1958. Some months after, he had an arterial graft to 
the other leg, and about the same time he learnt that his wife had an incurable disease. She lived 
till December 1959 and in spite of all, I believe, they spent a serene and happy time together after 
forty-three years of such close companionship, through which her vivid interest in people and her 
sense of humour had mellowed some of his opinions without detracting from any of his sterling 
qualities. 

During his last eighteen months he still did some insurance practice and work as a medical 
referee. He wrote a charming picture of Sir William Osler at Oxford, acknowledging the great 
influence that Osler had had on his life (Oxford Medical School Gazette, 1961, 13, 93). In speaking 
of Osler’s last two years after his only son had died of wounds received in France in 1917, he wrote: 
“The sparkle of life had left him.”” When he wrote these words, I feel that he was thinking of himself 
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also, since he knew then that his remaining leg was getting worse. 


He spent some time writing an autobiography but became so interested in his war service tha’ 


only this part was completed. Characteristically, he finished it with a section “* Lessons I have learn‘ 
from the War” and among these was “Only by the exercise of the maximum effort and concentra 
tion upon detail, can one reasonably expect to attain an average good result.” This was a maxin 
he frequently employed for his family and for himself. I am sure he applied it in thinking of hi: 
own achievements—a humble view of the life of one who was on the way to becoming a grea 
soldier by the age of 26, and a great doctor and successful consultant for more than forty year: 
afterwards. 

Hobson leaves an elder daughter who is married, a son who is Physician at the West Middlese> 
Hospital, and a younger daughter who is a physiotherapist. I am greatly indebted to them for : 
happy visit talking about their father and reading parts of the autobiography he had started. 


MAURICE CAMPBELI 
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GUSTAV NYLIN 


Professor Nylin, Honorary President of the European Society of Cardiology and Honorary Mem- 
ler of the British Cardiac Society, died in Stockholm in the great Sodersjukhuset that he had helped 
> plan, on August 6th at the age of sixty-eight. In his passing cardiology has suffered the loss of an 
i ispired worker and an outstanding personality. 

Karl Gustav Nylin was born in December 1892 and graduated in medicine at Stockholm. He 
\as interested in pediatrics and physiology as a young man. Working in the Seraphimer Hospital 
<nd the Carolinska Institute, he made comprehensive studies of the development of children and com- 
t ined this with determinations of the minute volume of the heart using Grollman’s acetylene method. 
‘ eeking further means of studying the circulation, Nylin went in May 1939 to Copenhagen where he 
frst met Hevesy. It was at this time that the technique of tagging red cells with radio-active phos- 
| horus was introduced and Nylin at once recognised the potentialities this offered for the study of 
tie circulation in cardiovascular disease. So began his life’s work which he pursued during twenty- 
tvo years. 

Before these investigations could begin, the war intervened and during these years Nylin was head 
cf the Sabbatsberg Hospital. He had at this time collaborated with Crafoord in the study of coarc- 
tation of the aorta; their paper (J. Thor. Surg., 1945, 14, 347) described the surgical means of correct- 
ing this anomaly, an operation that was soon to become securely established and brought relief to 
sufferers the world over. 

The works for which Nylin is best known are those for which he employed isotopes to investigate 
the distribution of blood in the body. Labelling red cells with radio-active phosphorus, and later 
with thorium, he carried out a brilliant series of researches on blood volume in health (Brit. Heart J., 
1945, 7,81). This method was analagous to the decholin method for the investigation of circulation 
time which Nylin had employed in earlier work, and by means of it he put previous observations 
on a quantitative basis. A comparison of dilution curves between normal hearts and failing hearts, 
and later detailed analyses of the concentration curves as a function of time, led to calculations of the 
residual blood in the heart and lungs (Amer. Heart J., 1955, 49, 803); thence he showed that there 
was a correlation between the heart volume as estimated by roentgenology and the amount of blood 
in the heart and lungs. Subsequent studies by this method included the influence of strenuous work 
on the circulation, the effects of posture on blood distribution and theresults of closure of a patent 
ductus arteriosus on the number of circulating red cells. 

During the past six years Nylin turned his attention to the cerebral circulation, estimating the 
flow by injecting thorium B tagged red cells into the carotid artery and recovering blood from both 
jugular bulbs, the activity of the serial samples being estimated (Brit. Heart J., 1956, 18, 385). For 
ingenuity of method, logical development and pertinacity, these works stand high in the annals of 
cardiovascular investigation. 

For all his dedication to work and research, Nylin was a sociable and warm-hearted man with a 
flair for organization. It was in his mind that the concept of the European Society of Cardiology 
first took shape; the meeting in Brussels in 1949 with Laubry, Parkinson and Rylant marked the 
genesis of this Society. To its organization he devoted a great deal of time and energy. As its Pre- 
sident in 1952 he played an important part in the First Congress of the Society which was held in 
London under the Chairmanship of Sir John Parkinson. He gave a charming address on the history of 
cardiology, emphasizing particularly the part played by British physicians and physiologists. This was 
the year in which Nylin reached his sixtieth birthday and to mark the occasion, an issue of Cardiologia, 
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comprising papers by his friends and associates, was dedicated to him. The British Cardiac 
Society elected him an Honorary Member in 1954 and three years later he was accorded a distinction 
that he prized perhaps above all others, the Fellowship of the Royal College of Physicians of London. 
In the following year, Nylin had the high satisfaction of welcoming a host of European Cardiologists 
«nd quite a few from America when they assembled in Stockholm for the Second European Congress, 
i1 September 1956. 

Nylin was a spirited and indefatigable traveller. With Madam Nylin he visited numerous centres 
i1 Europe and across the Atlantic, where he received many honorary doctorates and decorations. 
'{e was not only an accepted authority and a recognized leader of cardiovascular research but also a 
‘herished guest in the homes of the famous. In his journeys across the world, England, and es- 
| ecially London, was a magnet that attracted him and usually succeeded in bringing him to rest for 
« few days among friends to whom his presence and that of his gracious wife was invariably a delight. 

fodest though not self-effacing, he would say that he had come from, say, Vancouver, but the fact 
tat he had just been accorded a special distinction or that he had been invited to address a distin- 
¢uished gathering, took some time to discover. In his last address as Honorary President of the 
‘hird European Congress in Rome a year ago. Nylin stated simply his outlook on modern cardiology. 
* Many postulate that the doctor today has lost the close contact with the patient and forgotten the 
1 oble inheritance from skilful generations of doctors who, with simple but deeply penetrating 
cbservations of symptoms both from the physical and psychological point of view, performed their 
tisks as an art. Today we need a combination of scientist and physician.””’ Of Nylin it may truly 
te said that he excelled as both. 


Professor Nylin published, between 1926 and 1961, upwards of 150 papers, personally or in 
collaboration. The following 31 publications have been selected as representative of his main in- 
terests, as the most important of the works with special regard to those produced in England and 
America and those published in English. 

K. SHIRLEY SMITH 


Publications 


Growth and standard metabolism in children of elementary schools during different periods of the year. 
Verhandlungen des Vierzehnten Nordischen Kongresses due Innere Medizin. Helsingfors, 1930, 356. 


The cardiac output of children. 
Skand. Arch. Physiol., 66, 97, 1933. 


The relations between heart volume and stroke volume in recumbent and erect positions. 
Skand. Arch. Physiol., 69, 237, 1934. 


(With E. Lysholm and K. Quarna.) The relation between the heart volume and stroke volume under physiological 
conditions. 
Acta radiol., Stockh., 15, 237, 1934. 


_ (With G. Liljestrand and E. Lysholm.) The immediate effects of muscular work on the stroke and heart volume 
in man. 
Skand. Arch. Physiol., 80, 265, 1938. 
(With G. Liljestrand and C. G. Zachrisson.) The normal heart volume in man. 
Amer. Heart J., 17, 406, 1939. 
William Withering—bicentenary tribute. 
Amer. Heart J., 25, 285, 1943 
On the amount of, and changes in the residual blood of the heart. 
Amer. Heart J., 25, 598, 1943. 
Digitalis—und Stropantustherapie. 
Cardiologia, 7, 281, 1943. 
(With Mignon Malm.) Uber die Konzentration von mit radioaktivem Phosphor markierten Erythrocyten im 
Arterienblut der intravenosen Injektion solcher Blutkorperchen. 
Cardiologia, 7, 153, 1943. 


The dilution curve of activity in arterial blood after the injection of labelled corpuscles. 
Amer. Heart J., 30, 1, 1945. 
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Blood volume determinations with radioactive phosphorus. 
Brit. Heart J., 7, 81, 1945. 
(With C. Crafoord.) Congenital coarctation of the aorta and its surgical treatment. 
J. thorac. Surg., 14, 347, 1945. 
Heart disease and pregnancy. 
Cardiologia, 11, 151, 1946/47. 
(With B. Bernandt.) The relation between circulation time and the amount of the residual blood in the heart. 
Amer. Heart J., 32, 411, 1946. 
The effect of adrenalin injected intravenously on the volume of circulating erythrocytes. 
Acta cardiol., 3/4, 225, 1946. 
The circulatory blood volume of some organs. 
Amer. Heart J., 34, 174, 1947. 
(With S. Hedlund.) Weight of the red blood corpuscles in heart failure determined with labelled erythrocyte: 
during and after decompensation. 
Amer. Heart J., 33, 770, 1947. 
(With S. Hedlund.) Variations in the quantity of red blood corpuscles in case of heart failure. 
Acta med. scand., 1948, Suppl. CCVI. 
(With Hjordus Celander.) Determinations of the blood volume in the heart and lungs and the cardiac outpu 
through the injection of radiophosphorus. 
Circulation, 1, 76, 1950. 
(With G. C. Sutton, A. Kappert, A. Reale, and C.-H. Skoglund.) Studies on I-nor-epinephrine: relation of dosage 
to pressor and bradycardia effect. 
J. Lab. clin. Med., 36, 460, 1950. 
Studies of the changes in the amount of the residual blood of the heart in man. 
Cardiologia, 17, 251, 1950. 
(With G. de Hevesy.) Application of K42 labelled red corpuscles in blood volume measurements. 
Acta physiol. scand., 24, 285, 1951. 
Oxygen debt in valvular stenosis before and after an operation. 
Hospital (Rio de Janeiro), 43, 559, 1953. ae 
Willem Einthoven. Address given at Einthoven Commemoration Festival, Leyden 1953. 
Cardiologia, 24, 311, 1954. 
(With H. Blomer, Hardin Jones, S. Hedlund, and C.-G. Rylander.) Further studies on the cerebral blood flow 
estimated with “Thorium B.” 
Brit. Heart J., 18, 385, 1956. ; 
The clinical applicability of roentgenological heart volume determination with special reference to the residual 
blood. 
Acta cardiol., 12, 588, 1957. 
(With S. Hedlund.) Blood flow and pool in heart, lungs and brain. 
Circulation. Proceedings of the Harvey tercentenary Congress. Blackwell Scient. publications. Oxford 1958. 


Estimation of cerebral blood flow and cerebral blood pool by the aid of labelled erythrocytes. Cerebral vascular 
diseases. Transactions of the second conference held under the auspices of the Amer. Heart Ass., Princetown 1957. 
Grune and Stratton, New York 1958. 
(With B. P. Silfverskiold, S. Lofstedt, O. Regnstrom and S. Hedlund.) Studies on cerebral blood flow in man 
using radioactive-labelled erythrocytes. 
Brain, 83, (11) 293, 1960. 


(With S. Hedlund and O. Regnstrom.) Studies of the cerebral circulation with labelled erythrocytes in healthy 
man. 
Circulation Kes., 9, 664, 1961. 
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CASE REPORTS 


MYXOMA OF THE LEFT ATRIUM 
BY 


R. N. ANDERSON*, H. E. ALDRIDGE, AND W. F. GREENWOOD 


From The Department of Medicine, University of Toronto, and the Cardiovascular Unit, Toronto General 
Hospital, Canadat 
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‘age Case Report 


‘here was no history of hemoptysis, nocturnal dyspnoea, arrhythmia, or embolism. 


low 


dual 
was heard. Change in position did not alter these findings. 


958. the second. The diastolic murmur was not well recorded. No opening snap was seen. 
ular The lung fields were clear. There was no hepatomegaly or peripheral oedema. 


In the past five years four patients with an atrial myxoma have been operated upon at the Toronto 
yeneral Hospital. The clinical diagnosis in the first three cases (Aldridge and Greenwood, 1960) 
yas mitral stenosis. In the fourth case, admitted in October, 1960, a correct clinical diagnosis was 


A woman, 40 years old, with no history of rheumatic fever, was well until 1957 when she developed an 
i Iness lasting six weeks that was probably pneumonia: recovery was complete. Before admission, she had 
.oted fatigue for two years, exertional dyspneea for one year, and faintness on stooping for six months. 


The patient was in no distress. The skin was warm and without cyanosis. The pulse rate was 70 a 
minute, and was normal in volume and rhythm. The blood pressure was 110/60. The jugular venous pulse 
showed a and v waves of equal height, 2 cm. above the sternal angle with the patient at 30°. The first sound 
was palpable at the apex. There was a slight impulse palpable at the left sternal border. The second 
sound and left ventricle were not felt. The first sound was moderately loud while the second was normally 
split with slight accentuation of the pulmonary component. A grade II/IV rumbling mid-diastolic murmur 
without presystolic accentuation was localized near the lower left sternal border. A grade II/IV blowing, 
early and mid-systolic murmur was maximal in the third left interspace, and was conducted downwards 
along the sternal border. Both murmurs increased in intensity with normal expiration. No opening snap 


Phonocardiography demonstrated the systolic murmur, beginning with the first sound, but ending before 


57. On radiological examination, there was no enlargement of the heart shadow. The hilar pulsations were 


man a prominence of the left heart border. No calcium was seen in either mitral or aortic valve areas. 
lines were present. The cardio-thoracic ratio was 41 per cent. 


normal. Moderate enlargement of the left atrium produced a double shadow at the right heart border and 


The electrocardiogram showed sinus rhythm, a P-R interval of 0-2 sec., a broad P wave in lead II, and S-T 


thy segment depression in keeping with digitalis therapy. The QRS complex did not suggest dominance of 


either ventricle. 


E.S.R. 44 mm./first hour; total and differential serum proteins by electrophoresis were normal. 


units). 


enlarged left atrium (Fig. 2). 


* Present address: Department of Medicine, Victoria General Hospital, Halifax, Nova Scotia, Canada. 
+ Supported by the Ontario Heart Foundation and National Health Grants Administration, Canada. 
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Several urine samples were normal. The hemoglobin was 11-7 per 100 ml., white cell count 12,300; 


At right heart catheterization, the mean pulmonary “‘wedge”’ pressure was elevated to 26 mm. Hg, the 
mean pulmonary arterial pressure was 34 mm., and the mean right atrial pressure was 3mm. The pulmonary 
“wedge” tracing showed a relatively high v wave and a rapid y descent (Fig. 1). The cardiac output by 
direct Fick principle was 4-5 1./min. The pulmonary vascular resistance was 143 dynes/sec./cm.-5 (1-8 


At angiocardiography, after 50 ml. of 76 per cent renografin had been injected into the main pulmonary 
artery, a large filling defect was outlined in the lateral view by a thin rim of radio-opaque dye seen in an 
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[ PULMONARY WEDGE = | MAIN PULMONARY | RIGHT VENTRICLE! 
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Fic. 1.—Pressure tracings obtained at right heart catheterization show a raised pulmonary wedge 
pressure with a dominant v wave and a rapid y descent. The pulmonary arterial and right ven- 
tricular pressures reflect the mild passive pulmonary hypertension. 


Fic. 2.—Angiocardiogram, showing in the Fic. 3.—Surgical specimen of left atrial myxoma. 
lateral projection a large filling defect in 
the left atrium due to the myxoma. 
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Operation. On November 9., 1960, Dr. W. G. Bigelow operated using the extra-corporeal circulation. 
A large tumour was found filling the left atrium, arising by a short stalk from the inter-atrial wall. The 
tumour was removed in one piece. The post-operative course was uneventful, and physical examination 
at this time showed a normal first sound and no murmurs. 


The tumour (Fig. 3) measured 6-5 cm. x 5 cm., and was ovoid in shape. The microscopic sections were 
typical of a myxoma. 


Discussion 


Clinically left atrial tumours are commonly confused with mitral stenosis. Two points in this 
| atient’s history raised the suspicion of the presence of a tumour. The relatively short duration of 
symptoms was somewhat unusual for mitral stenosis in the absence of arrhythmia or active myo- 
cardial disease. The presence of faintness on stooping suggested the possibility of intermittent 
cbstruction, although this symptom could not be reproduced by postural changes in hospital. 

During the natural history of mitral stenosis, certain complications may occur that modify the 
¢ inical findings and make the diagnosis difficult. The most important of these are a low cardiac 
cutput, gross enlargement of the right ventricle, associated valve lesions, and calcification of the 
riitral valve. The low cardiac output may be due to tachycardia, pulmonary hypertension, or an 
i1adequate myocardium. In this patient the skin was warm and the pulse volume normal, indi- 
cating at least an adequate output. The heart rate was normal, and none of the clinical findings of 
tulmonary hypertension were present. The presence of sinus rhythm excluded an important myo- 
cardial factor (Fleming and Wood, 1959). A large right ventricle, which is always associated with 
congestive failure or tricuspid regurgitation, may displace the mitral valve posteriorly: no evidence of 
either of these conditions was present. The associated valve lesions that are most confusing are 
tricuspid valve disease and aortic regurgitation: the normal pulse and venous pressure excluded 
significant disease at these valves. Calcification of the mitral valve tends to depress the first heart 
sound and opening snap by interfering with valve movement: careful fluoroscopic examination, 
however, failed to reveal any intra-cardiac calcium. 

This patient had a loud first sound but no opening snap. A loud first sound is commonly 
caused by some factor that keeps the mitral valve leaflets wide open until after the onset of ventri- 
cular systole. In mitral stenosis it is due to prolonged left ventricular filling as a result of the high 
end diastolic gradient across the mitral valve. In the presence of sinus rhythm, this gradient is 
increased by atrial contraction and results in a presystolic murmur, but no such murmur was present 
in this patient. The normal P-R interval excluded late left atrial contraction as a cause of the loud 
first sound. The opening snap is related to the high early diastolic gradient in the presence of 
diseased, though pliable, valve cusps: the lack of calcium on fluoroscopy made it unlikely, therefore, 
that a rigid valve was responsible for its absence. 

Both the systolic and diastolic murmurs were accentuated by normal expiration suggesting that 
they originated on the left side of the heart. The systolic murmur began with the first sound and was 
blowing in quality. In spite of its atypical location and short duration, it was in keeping with 
trivial mitral regurgitation. The diastolic murmur was of greater significance in that it was maximal 
near the tricuspid area and did not have presystolic accentuation. This atypical location was 
difficult, if not impossible, to explain on the basis of mitral stenosis. As noted above, in the presence 
of sinus rhythm, the absence of presystolic accentuation was incompatible with this diagnosis. 

Radiological and electrocardiographic findings did not aid in the differential diagnosis, but con- 
firmed the presence of obstruction in the region of the mitral valve. The broad P waves suggested 
left atrial enlargement, and this could be seen on X-ray. The presence of Kerley’s lines indicated 
elevation of pulmonary venous pressure. However, there was no evidence of either right or left 
ventricular enlargement or hypertrophy. 

On the basis of these findings a diagnosis could be made of a lesion that (1) was causing obstruc- 
tion in the region of the mitral valve resulting in left atrial enlargement and a rise of pulmonary 
venous pressure, (2) was resulting in the mitral valve being held open in early ventricular systole 
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withoui evidence of a high end diastolic gradient across the valve or a short P-R interval, (3) wa: 
causing distortion of the valve during ventricular systole leading to trivial mitral regurgitation, (4 
was resulting in an abnormal filling pathway in ventricular diastole and thus producing a mediall: 
placed inflow murmur, but (5) was not associated with the classical findings of mitral stenosis. Thi 
lesion could only be explained by a mass in the left atrium, and in the clinical setting a myxoma wa 
much more likely than a ball valve thrombus. 

Further investigation confirmed the clinical impression. At right heart catheterization th 
cardiac output, circulation time, and pulmonary vascular resistance were normal. The high v wav 
and the rapid y descent in the wedge pressure tracing were more in keeping with regurgitation tha: 
stenosis of the mitral valve. This suggested that the obstruction was not severe during the earl: 


phase of rapid left ventricular filling. A similar pulmonary wedge tracing was seen in Case 3 0° 


Aldridge and Greenwood. The angiocardiogram confirmed the presence of a large filling defec 
in the left atrium. 


Summary 


A case of left atrial myxoma that simulated mitral stenosis is presented. The features that made 
a clinical diagnosis possible were (1) a relatively short history in the absence of arrhythmia or carditis, 
(2) symptoms suggestive of intermittent obstruction, (3) a loud first heart sound in the absence of an 
opening snap, (4) an atypical location of the diastolic murmur, (5) absence of presystolic accentuation 
of this murmur in the presence of sinus rhythm, and (6) absence of complications that would tend to 
depress the findings of mitral stenosis, such as low cardiac output, gross enlargement of the right 
ventricle, associated valve lesions, or calcification of the mitral valve. The diagnosis was confirmed 
by angiocardiography, and the tumour was successfully removed. 
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STOKES-ADAMS ATTACKS IN PREGNANCY 
BY 


T. B. BEGG* AND W. R. M. THOMPSONt 


From the Royal Victoria Infirmary, Newcastle-upon-Tyne 


Stokes-Adams seizures are a dramatic feature of some cases of complete heart block. Fortu- 
rately they are uncommon in the congenital form of heart block (Campbell and Suzman, 1934; 
Frown, 1950; Wood, 1956), and they must be a rare complication of pregnancy. The following case 
i. therefore of particular interest. 


Case Report 


A 22-years-old woman was admitted to hospital on April 9, 1959 in the 18th week of her first pregnancy. 
Sae had been fit until six days before, when she developed lightheadedness, followed by flushing, and a 
ti robbing occipital headache. At 7 p.m. on the day of admission, in bed, she began to have frequent 
snsations of lightheadedness, accompanied by throbbing occipital headache, and she lost consciousness 
r-peatedly. In hospital, at 9.45 p.m., she was having two or three episodes of ventricular arrest a minute, 
eich lasting 10 seconds. Her face blanched and she lay virtually unconscious; each attack was followed by a 
flush and a distressing headache. She was aware only of the headache. Between attacks the heart rate was 
about 100 a minute, the rhythm was regular and the blood pressure was 120/70. The first heart sound varied 
in intensity and there was a soft systolic murmur, maximal at the left sternal border; the second sounds were 
soft. There were no other clinical abnormalities. The uterus was the expected size for an 18-week pregnancy, 
and foetal movements were felt. 
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Fic. 1.—Cardiogram on admission, showing an episode of ventricular arrest. P waves at rate of 
107 a minute. Ventricular rate 115 a minute before Stokes-Adams attack. 


A cardiogram (Fig. 1) showed that during the Stokes-Adams attacks there was ventricular asystole and 
the P waves occurred regularly 107 times a minute. Between the periods of asystole there was complete 
atrio-ventricular dissociation, with a ventricular rate of 115 a minute. 


* Present address: Clinical Chemotherapeutic Research Unit of the Medical Research Council, Western Infirmary, 
Glasgow, W.1. 
+ Present address: The General Infirmary, Salisbury, Wilts. 
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At 10.05 p.m. ephedrine hydrochloride 1 grain (64 mg.) was given I.V.; within 15 minutes the Stokes 
Adams attacks had ceased. The ephedrine was repeated I.M. at 10.30 p.m. and for 2 hours there was n: 
change. After midnight brief Stokes-Adams attacks recurred, and despite I.V. ephedrine hydrochloride 
grain (64 mg.) at 12.40 and a similar I.M. dose at 2 a.m. she continued to have several bouts of ventriculz ° 
arrest a minute, each lasting one to three seconds. Over the next three hours the attacks became mor: 
prolonged and were again lasting 10 seconds. 

An intravenous infusion of M/2 sodium lactate was begun at 5.55 a.m. and 200 ml. were given in 7) 
minutes. Twenty minutes after the beginning of the infusion the length of the periods of cardiac arrest wa; 
reduced to 1-2 seconds, and by the end of the infusion there was only an occasional dropped beat at th> 
cardiac apex. Fifteen minutes later the pulse was regular, but a tracing showed that there was still atric - 
ventricular dissociation (Fig. 2). 


t : this 





Fic. 2.—Cardiogram after sodium lactate infusion. Atrio-ventricular dissociation persists. 


During the next two days occasional dropped beats were detected; subsequently the rhythm has been 
regular. Treatment was continued with ephedrine hydrochloride orally, 4 grain (32 mg.) every four hours for 
24 hours, then every six hours. The patient went home on the thirteenth day. 

Previous History. At the age of 13 she had been discovered at a routine examination to have a cardiac 
murmur and was, referred for investigation. She was a symptom-free, active girl. There was no history of 
scarlet fever, rheumatic fever, chorea or diphtheria. Her pulse rate was 56 a minute, rising to 64 after 
exertion and the rhythm was regular. There was a soft mitral first sound and a systolic murmur at the apex 
and the pulmonary area. The second pulmonary sound was 
accentuated. The blood pressure was 130/65. The cardio- 
gram (Fig. 3) showed atrio-ventricular dissociation, and 
fluoroscopy an enlarged left ventricle and vigorous pulsation 
of the aorta. A ventricular septal defect was suspected and 
no treatment or restriction of activity was advised. One 
year later, the only fresh development was some enlargement 
of the pulmonary artery, shown on fluoroscopy. 

Present Investigations. The plasma bicarbonate before 
and after the administration of the sodium lactate wes 
20:7 and 24-0 m.-equ. per |. respectively. Twelve days 
later it was 21-5 m.-equ. per 1. The blood urea measured 
13 mg. per 100 ml. The urine contained no albumin. 

The chest X-ray was normal. Fluoroscopy showed ro 
abnormality apart from an impression of enlargement of tl e 
left ventricular outflow and inflow tracts. 

Further Progress. The ephedrine was continued ard 
pregnancy proceeded normally. A systolic thrill becane 
Fic. 3.—Cardiogram at 13 years. palpable at the left sternal edge. At the twenty-sixth wec k 

Atrio-ventricular dissociation. the plasma bicarbonate level was 24-0 m.-equ. per l ft 
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term a healthy child was born; the labour and puerperium were normal and the child was breast-fed for 
‘hree months. 

Ephedrine therapy was gradually discontinued in December, 1959, and the patient has remained well. 
When last seen in June 1960, she had no symptoms; the complete heart block persisted (Fig. 4). The child 
1as developed normally. Clinical and electrocardiographic examination of the child and of his mother’s 
yarents has shown no evidence of heart block or other cardiac abnormality. There were no other near 
elatives. 


SE INSTRUMENT C° [> LONDON & CAMBRIDGE. 


Fic. 4.—Cardiogram when last seen, June 1960. Atrio-ventricular dissociation persists. Atrial rate 
approximately 75 and ventricular rate 50 a minute. 


Discussion 


It is probable that this patient has the congenital form of complete heart block. The commonest 
anatomical abnormality associated with congenital heart block is ventricular septal defect (Yater 
et al., 1933), although this association has been challenged by Wood (1956). In the present patient 
the defect may be a small one in the membranous part of the interventricular septum, interfering with 
the A-V node but not giving rise to a large shunt of blood. The prognosis in congenital heart block 
depends upon the nature of any associated congenital cardiac lesion (Paul et al., 1958) but it is 
usually good (Wood, 1956). Stokes-Adams attacks are an uncommon complication. 

Causation of Cardiac Arrest. Cardiac standstill in patients with complete heart block is usually 
ascribed to extreme depression of the idioventricular pacemaker. If this were the mechanism in 
this patient the depression was episodic, for between attacks the ventricular rate was 100-125 a 
minute. Excessive vagal stimulation depresses the idioventricular rate, and it is possible that 
stimuli were arising from the uterus, either from foetal movements or because of the rapid expansion 
and hypertrophy of the uterus. 

The hypervolemia of pregnancy may also have contributed. At 18 weeks the blood volume had 
increased by about 17 per cent (Dieckmann and Wegner, 1934). 

The acidosis may have been another factor in the causation of ventricular asystole. It has been 
known for many years (Mines, 1912) that acidosis slows the processes of excitation and conduction 
and that a rise in pH has the opposite effect. It is not clear why this patient should have a mild 
acidosis. It is not a normal phenomenon in pregnancy, and there was no renal insufficiency. 

Treatment. Many drugs have been employed in the treatment of Stokes-Adams attacks: 
sympathomimetic or vagolytic agents, and other drugs such as barium chloride. Bellet et al. 
(1955a) introduced a new concept. They studied the cardiac effects of intravenous hypertonic sodium 
lactate, and found that it accelerated cardiac rhythm in various states associated with slow ventri- 
cular action, and they were successful (Bellet et a/., 19555) in abolishing Stokes-Adams attacks in 
three out of four patients. They used molar, M/2 or M/3 solutions of sodium lactate and noted that 
the degree of cardiac acceleration depended upon the dosage and the speed of infusion. In the 
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present case 200 ml. of M/2 sodium lactate given intravenously over a period of 70 minutes finall; 
abolished the Stokes-Adams seizures. 

Since Bellet’s discovery several reports have been published (Swash and Wallace, 1956; Mouqui: 
et al., 1957; Dragsted and Moller, 1958) on the use of sodium lactate, all of them favourable 
(Unfavourable reports on a new form of treatment, however, tend not to be published unless som: 
important side-effect arises.) Bellet et al. (1955a) advanced several theories to account for this actio1 
of sodium lactate. The lactate is known to be readily utilized as fuel and to increase the basal meta 
bolic rate of heart muscle and other tissues; or the effect may be due to elevation of the pH of plasm: 
and tissue fluids, or possibly to the supply of sodium ions per se. Some support for the pH theory i; 
provided by the fact that the present patient had a mild acidosis when her Stokes-Adams attack 
were occurring, and that this was largely corrected by the sodium lactate, but any of the othe. 
theories would also be applicable. 

Complete heart block in pregnancy has been reported by Cazzola (1958) in one woman (probably 
rheumatic) and by Mowbray and Bowley (1948) in three patients (congenital). No previous report: 
of Stokes-Adams attacks in pregnancy have been discovered. 

Familial heart block has been reported by Carp (1958), but there is no evidence of a familia 
cardiac defect in the present family. 


Summary 


A young woman with complete heart block, which was presumed to be congenital, developed 
multiple episodes of ventricular arrest in the eighteenth week of her first pregnancy. The attacks 
were abolished by an intravenous infusion of M/2 sodium lactate, and ephedrine was given as main- 
tenance treatment. The pregnancy proceeded to a successful outcome and the patient remains well 
two years later. The heart block persists. The cause of the attacks, and their treatment are dis- 
cussed. 


The patient was under the care of Dr. A. G. Ogilvie and we are grateful for his assistance and for his permission 
to publish the case. Our thanks are also due to Dr. W. G. A. Swan for permission to publish his previous findings. 
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CARDIO-AORTIC FISTULA WITH MULTIPLE CONGENITAL ANOMALIES IN A 
71-YEAR-OLD MAN 


BY 


T. D. O'BRIEN AND I. J. L. GOLDBERG 
From the Geriatric Department, Oldham and District General Hospital, Oldham 


A case of congenital pulmonary stenosis, ventricular septal defect, and ruptured aortic sinus 
¢neurysm in a 71-year-old man is reported. We have been unable to find an account of any similar 
case. 


Case Report 


At 28 years of age the patient had complained of moderate (grade III) dyspnoea on exertion and sub- 
s quently this had limited him to light work. He had remained well until a few months before admission, 
v hen he had noted swelling of his feet and legs for the first time. Despite treatment by his doctor the 
c-dema had persisted and he was admitted to hospital on February 4, 1960. 

Clinical examination showed a youthful looking man in spite of his 71 years, with pitting oedema of both 
feet and legs to the level of the knees. He appeared pale and lightly jaundiced. There was increased 
filling of his neck veins to the level of the angle of the jaw in the sitting position. The pulse was 80 a minute 
and pulsus bigeminus was present. The blood pressure was 155/70. The cardiac impulse was palpable in 
the fifth intercostal space at the anterior axillary line. Systolic retraction occurred over the apex and was 
accompanied by a precordial heave. A single second sound was clearly heard over the second left inter- 
costal space about 5 cm. from the centre of the sternum. A very loud, harsh, systolic murmur covering the 
first heart sound was heard maximally in the third left intercostal space, extending from the left sternal 
edge to the mid clavicular line and this was accompanied by an obvious systolic thrill. The murmur was not 
heard at the apex and finished abruptly in the second left intercostal space : it continued into late systole, 
but seemed to finish before the second sound. A very soft diastolic murmur was also present over the third 
intercostal space 5 cm. from the left border of the sternum. 

Examination of the patient’s remaining systems did not show any abnormality, apart from the signs of a 
right-sided pleural effusion and an enlarged liver. The serum bilirubin was 1-8 mg. per 100 ml. with a 
positive direct Van den Bergh reaction. Further investigations including analysis of the urine, blood urea, a 
full blood count, erythrocyte sedimentation rate, and additional liver function tests showed no abnormality. 
A chest X-ray confirmed the presence of a right-sided pleural effusion and disclosed patchy consolidation in 
the right lower zone. A cardiogram showed non-specific changes : there was sinus rhythm with ventricular 
premature beats and the transitional zone was rotated to the left and the T waves were of low voltage in 
all leads. 

The patient died seven days after admission. Death was due to bronchopneumonia and heart failure. 

Post-mortem Findings. A large right pleural effusion, pulmonary oedema, and right-sided broncho- 
pneumonia were found. The kidneys, spleen, and liver showed signs of venous congestion. Diverticulosis 
of the colon was present. 

The heart was greatly enlarged (weight 720 g.). An aneurysm of the right coronary sinus had ruptured 
into the conus of the right ventricle between the right and left posterior cusps of the pulmonary valve, 5 cm. 
below the commissure (Fig. 1). A slit-like tear of the aorta, 2:8 cm. long, extended superiorly from the 
aneurysm. If the two edges of the slit were juxtaposed, a small, round orifice with a thickened edge and a 
circumference of 0:25 cm. was formed, communicating between the aorta and the conus of the right ventricle. 
A defect of the bulbar portion of the ventricular septum was present (Fig. 2). It was 1-2 cm. in length and lay 
transversely just below the level of the right coronary cusp of the aortic valve and below and medial to the left 
posterior cusp of the pulmonary valve. The pulmonary valve was stenosed (2:5 cm. in circumference). 
3B 133 
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Fic. 1.—The right ventricle showing the pulmonary artery with the right (R.P.C.) and left 
(L.P.C.) posterior cusps of the pulmonary valve, the ruptured aortic sinus aneurysm 
(R.S.A.), and the ventricular septal defect (V.S.D.) 


No calcification was present in the valve. A fibrotic ring of connective tissue was present about 2 cm. below 
the valve. The right coronary cusp of the aortic valve showed some calcification. 

The aorta was in its normal position in relation to the ventricular septum. The coronary arteries and 
aorta showed less atheroma than is usually found at this age. Both ventricles were hypertrophied and dilated, 
the right relatively more than the left. Both atria were also dilated. 

Histologically, the walls of the aneurysm consisted of fibrous and muscular tissue. There was no 
evidence of syphilitic arteritis and no calcification. 


Discussion 


In pulmonary stenosis with ventricular septal defect the main problem is the diagnosis of the pu - 
monary stenosis (Eldridge and Hultgren, 1955). The prominent vascular lung markings and a loud 
pulmonary second sound may result in the pulmonary stenosis being mis-diagnosed. Rudolf et a’. 
(1954) suggested that the combination might be suspected by the presence of a systolic murmur and 


thrill at the lower left sternal border in addition to the systolic murmur heard at the pulmonary 


area. 


Rupture of an aneurysm of the aortic sinus into the right side of the heart is associated with a | 


murmur that Oram and East (1955) have described as “‘ usually loud, harsh and superficial in chara: - 
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Fic. 2.—The left ventricle showing the aortic valve cusps, the ruptured aortic 
sinus aneurysm (R.S.A.), and the ventricular defect (V.S.D.). 


ter, and accompanied by a coarse thrill. As a rule it is best heard near the centre of the sternum 
or a little to the left of it in the second, third, or fourth intercostal spaces. It characteristically 
occupies both phases of the cardiac cycle, either as 2 to and fro or a continuous noise and the accen- 
tuation may be on systole or diastole.”” They suggesi that both the systolic and diastolic elements of 
the murmur may be due to a flow of blood through the ruptured orifice of the aneurysm. 

In our case the absence of central cyanosis, finger clubbing, raised hemoglobin, and raised 
packed cell volume, indicated a left-to-right shunt. It is usual in cases of cardio-aortic fistula to 
hear a continuous murmur. In our case pulsus bigeminus and loud respiratory sounds interfered 
with auscultation, so we cannot exclude a continuous murmur with certainty. The systolic thrill 
and murmur were probably due to the pulmonary valve stenosis, aortico-cardiac fistula, and 
ventricular septal defect. The diastolic murmur, as Oram and East (1955) have suggested was 
probably due to aortic blood flowing back through the perforation into the pulmonary conus. 

Only one case of aortic sinus aneurysm and pulmonary conus stenosis has been reported (King, 
1942). Congenital pulmonary stenosis and ventricular septal defect are not uncommonly associated 
(Wood, 1956). The present case shows all three anomalies. The main point of interest about this 
patient is that he survived into the eighth decade. Among the 25 cases of aortic sinus aneurysm 
reviewed by Morgan Jones and Langley (1949), 10 had ventricular septal defects: they observed that 
the heart tolerates a congenital cardio-aortic fistula much better than one acquired in later life. 
The outlook for ventricular septal defect is better when there is a co-existent pulmonary stenosis 
(Brotmacher and Campbell, 1958). Our case with his remarkable longevity seems to support these 
two opinions. 





736 O'BRIEN AND GOLDBERG 


Summary 


The clinical and pathological findings in a case of congenital pulmonary stenosis, ventricul:r 
septal defect, and ruptured aortic sinus aneurysm in a 71-year-old man are described. An explani - 
tion of the clinical findings and longevity is suggested. 


We wish to thank Dr. W. H. Lloyd for permission to publish this case and for his advice and encouragemen., 
Dr. A. Morgan Jones and Dr. P. Wood for reading and commenting on the case and Mr. C. Richardson, Photograph c 
Department, for his generous assistance. 
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539 


—— a study of dilution curves recorded from the right side of the heart, using two-catheter technique and tricar 
bocyanine (Dimond et al.). 

Cardiac infarction, embolic, in subacute bacterial endocarditis, case report (Menzies). 464 

—— fatal case aged 15, with anomaly of coronary circulation, case report (Syme & Allan). 107 

—— presaged by abnormal EC in symptom-free subjects (Evans). 669 

—— procaine amide used prophylactically, clinical trial (Reynell). 421 

—— quinidine used prophylactically, clinical trial (Begg). 415 

—— serum lactic dehydrogenase estimations in diagnosis (Stewart & Warburton). 236 

—— ventricular premature beats, significance in diagnosis (Bisteni et al.). 521 

Cardiac output, in normal men during steady-state exercise prolonged to 20 minutes, measured by dye dilution curve 
(Levy et al.). 425 

Cardiac pain, associated with urticaria (Rogen & Richardson). 632 

—— EC exercise test in subjects with history of pain and abnormal EC at rest (Lloyd-Thomas). 561 

—— presaged by abnormal EC in symptom-free subjects (Evans). 669 

Cardio-aortic fistula, see Fistula, cardio-aortic 

CARDIOLOGY, EUROPEAN SOCIETIES OF, names of officials and addresses of Constituent Societies. 455 

CARDIOLOGY, THIRD EUROPEAN CONGRESS, Rome, September 1960. 213 

Cardiomyopathy, cryptogenic, in African Negroes, left axis deviation a distinguishing feature (Schamroth & 
Blumsohn). 405 

—— idiopathic, in elderly Africans of Bantu tradition (Gelfand). 387 

Carditis, rheumatic, sub-clinical (Lannigan). 35 

Chelation, myocardial responses (Soffer et al.). 690 

Chest leads, ABC leads in diagnosis of right ventricular hypertrophy (Harris). 285 

—— ectopic beats presenting QR type patterns in diagnosis of myocardial infarction (Bisteni et al.). 521 

Coarctation of aorta, hypertension after resection (Ingomar & Terslev). 

Commonwealth Games, see British Empire and Commonwealth Games 

Congenital, see specific conditions, except: 

Congenital heart disease, associated with defective segmentation of the sternum (Andrén & Hall). 140 

—— atrial septal defect investigated i in three generations (Howitt). 494 

—— corrected transposition of great vessels and associated anomalies (Beck ef al.). 497 

—— cyanotic, complicated by gout (Somerville). 31 

—— —— with continuous murmurs, diagnosis, clinical picture and prognosis (Campbell & Deuchar). 173 

—— heredity and environment in etiology of atrial septal defect (Campbell & Polani). 477 

—— — hypoplasia of right ventricle and tricuspid valve, differential diagnosis from clinical appearances (Medd 
et al.). 

——- malformations associated with pulmonary stenosis (Brock). 337 

—- — pulmonary blood flow in cases of circulatory shunt studied by radioactive carbon dioxide (Dollery 
etal.). 22 

Coomassie Blue, dilution characteristics in man (Parry & Tuckman). 150 

Cor triatriatum, case with classical appearances, importance of early diagnosis (Darke et al.). 329 

Cor triventriculare, two cases, etiology discussed (Watler & Wynter). 

Coronary artery, anomalous, and fatal myocardial infarction in a youth aged 15, case report (Syme & Allan). 107 

Coronary embolism, and angina, in mitral stenosis (Oakley et al.). 357 

—— associated with rheumatic heart disease, case report (Hall & Richards). 103 

—— causing myocardial infarction, in subacute bacterial endocarditis, case report (Menzies). 464 

Cyanosis, from birth, differential diagnosis of anomalies causing (Medd etal.). 25 

—— in Fallot’s tetralogy, precipitated by increased norepinephrine secretion (Johnson). 197 

—— in pulmonary valve stenosis (Brock). 337 

Cyanotic congenital heart disease, with continuous murmurs, diagnosis, clinical picture and prognosis (Campbell & 
Deuchar). 173 

—— complicated by gout (Somerville). 31 


Death, mortality rate after myocardial infarction, with and without prophylactic procaine amide (Reynell). 421 





Defibrillators, electrical, three commercial models and new Porton apparatus described (Shephard). 7 

Dehydrogenase, serum lactic, estimations in myocardial infarction (Stewart & Warburton). 236 

Dilator agent, see Acetylcholine 

Dye, Coomassie Blue, dilution characteristics in man (Parry & Tuckman). 150 

Dye dilution curves, cardiogreen, technique in measuring cardiac output of normal men during steady-state exercis« 
prolonged to 20 minutes (Levy et al.). 

—— from right side of heart using two-catheter technique and tricarbocyanine (Dimond ef al.). 621 

—— photo-electric earpiece, associated apparatus and techniques (Gabe & Shillingford). 271 

—— simple instrument using photo-conductive cell (Jose & Latham). 695 
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SUBJECT INDEX 


Earpiece, for dye dilution curves, associated apparatus and techniques (Gabe & Shillingford). 271 
Ectopic beats, see Extrasystoles 
Electrocardiography, ABC leads in diagnosis of right ventricular hypertrophy (Harris). 285 
—— as a means of presaging cardiac pain in symptom-free subjects (Evans). 669 
—— exercise test in subjects with history of cardiac pain and abnormal EC at rest (Lloyd-Thomas). 561 
—— new lead system recording total outward cardiac dipole strength (Barber & Fischmann). 649 
—— patterns in systolic and diastolic overload in left ventricular hypertrophy (Sedziwy & Shillingford). 533 
Embolism, calcific, multiple, following mitral valvotomy, case report (Adams). 333 
Embolism, coronary, see Coronary embolism 
Empire Games, see British Empire and Commonwealth Games 
Endocarditis, see Bacterial endocarditis 
Endocardium, focal thickening, in aortic valve disease and sub-aortic stenosis (Still). 155 
Endomyocardial fibrosis, see Endocardial fibrosis 
Endocardial fibrosis, clinical and hemodynamic patterns in 15 East Africans (Shillingford & Somers). 433 
Enzyme, estimations in myocardial infarction, serum lactic dehydrogenase (Stewart & Warburton). 236 
-osinophilia, tropical, cardiovascular involvement (Vakil). 578 
SUROPEAN CONGRESS OF CARDIOLOGY, Third, Rome, September 1960. 213 
SUROPEAN SOCIETIES OF CARDIOLOGY, names of officials and addresses of Constituent Societies. 455 
:xercise, athletic, cardiological findings for 60 male international-class competitors (Beswick & Jordan). 113 
—— cardiac output of normal men during steady-state exercise prolonged to 20 minutes, measured by dye dilution 
curves (Levy et al.). 425 
—— EC studies in subjects with history of cardiac pain and abnormal EC at rest (Lloyd-Thomas). 561 
— EC of healthy subjects after strenuous (Lloyd-Thomas). 260 
‘xtrasystoles, in cardiac infarction, significance of ventricular premature beats in diagnosis (Bisteni ef a/.). 521 


Failure, cardiac, idiopathic peri-partum, in African Negroes (Seftel & Susser). 43 

Fallot’s tetralogy, see also Cor ventriculare 

—— cyanotic attacks precipitated by increased norepinephrine secretion (Johnson). 197 

—— pulmonary atresia following anastomotic operation (Fabricius et al.). 556 

—— survival to 58 years, with features of Marfan’s syndrome, case report (Abraham ef al.). 110 
Fistula, aorto-ventricular, involving right sinus of Valsalva, two cases (Paul ef al.). 203 

—— cardio-aortic, with multiple congenital anomalies, in a man aged 71 (O’Brien & Goldberg). 733 


Gallop rhythm, of mitral incompetence (Nixon). 677 

Gallop sounds, in hypertension and myocardial ischemia, modified by respiration and other manceuvres (Parry & 
Mounsey). 393 

Gout, in cyanotic congenital heart disease (Somerville). 31 


HALDANE, J. S., Centenary, 1961 (Campbell). 711 

Heart block, unusual atrial rhythm with varying A-V block, case report (Aber). 221 

Heart disease, in scleroderma (Oram & Stokes). 243 

Heart failure, see Failure, cardiac 

Hepatic, see Liver 

Heredity, atrial septal defect investigated in three generations (Howitt). 494 

—— and environment, in etiology of atrial septal defect (Campbell & Polani). 477 

Hopson, Frederick Greig, obituary (Campbell). 716 

Hypertension, after resection of coarctation of aorta (Ingomar & Terslev). 370 

— EC indications of left ventricular hypertrophy (Symons & Wahl). 208 

—— and myocardial ischemia, gallop sounds modified by physiological manceuvres (Parry & Mounsey). 393 
—— pulmonary, see Pulmonary hypertension 

Hypertrophy, see Left ventricular enlargement 

Hypoplasia, isolated, of right ventricle and tricuspid valve in siblings (Medd et al.). 25 
Hypotension, angiotensin and noradrenaline compared in treatment (McQueen & Morrison). 1 
Hypothermia, in surgical treatment of pulmonary stenosis (Brock). 337 


India, tropical eosinophilia, cardiovascular involvement (Vakil). 578 

Infundibular spasm, precipitating cyanotic attacks in Fallot’s tetralogy (Johnson). 197 

Infundibular stenosis, in cor triventriculare (Watler & Wynter). 599 

Ischemic cardiac pain, in mitral stenosis (Oakley et al.). 357 

Ischemic heart disease, EC changes denoting (Lloyd-Thomas). 260 

—— and hypertension, gallop sounds modified by physiological manceuvres (Parry & Mounsey). 393 


LauBRY, Charles, obituary (Bedford). 215 
Left atrial pressure, effect of intracardiac acetylcholine infusion in rheumatic heart disease (Samet ef al.). 616 
—— selection of techniques for measurement of left heart pressures (Hamer & Dow). 317 
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Left atrial pressure, tracings modified by atrial size and elasticity (Fairley). 512 

Left ventricle, incisional aneurysm following surgical treatment of valvular stenosis (Kerr ef al.). 88 

—— percutaneous puncture as means of access for hemodynamic studies (Brockenbrough ef ¢/.). 643 

—— rapid filling, and left atrial stasis wave with third heart sound, in mitral regurgitation (Nixon & Wooler). 161 

Left ventricular enlargement, EC indications, in hypertension (Symons & Wahl). 208 

—— EC patterns in systolic and diastolic overload compared (Sedziwy & Shillingford). 533 

Left ventricular pressure, effect of intracardiac acetylcholine infusion in rheumatic heart disease (Samet ef al.). 616 

—— selection of techniques for measurement of left heart pressures (Hamer & Dow). 317 

Liver, hepatic-venous anomaly with drainage into both atria (Gibson & Macafee). 143 

Lung, blood flow in upper and lower zones in cases with circulatory shunt studied by radioactive carbon dioxide 
(Dollery et al.). 225 

—— ossific nodules in, associated with mitral valve disease (Galloway et al.). 297 

Lutembacher’s syndrome, with pulmonary hypertension (Besterman). 587 


Marfan’s syndrome, with Fallot’s tetralogy, survival to 58 years, case report (Abraham ef al.). 110 

Maternity, and idiopathic heart failure in African Negroes (Seftel & Susser). 43 

Mitral incompetence, left atrial pressure tracings modified by atrial size and elasticity (Fairley). 512 

—— rapid left ventricular filling and stasis in (Nixon & Wooler). 161 

—— third heart sound in (Nixon). 

Mitral regurgitation, see Mitral incompetence 

Mitral stenosis, combined with aortic stenosis, clinical and hemodynamic studies (Honey). 545 

—— coronary embolism and angina ir (Oakley et ai.). 

—— left atrial pressure tracings modified by atrial size and elasticity (Fairley). 512 

—— medical and surgical treatment compared (Boyle). 377 

—— simulated by myxoma of left atrium, case report (Anderson ef al.). 725 

Mitral valve disease, and formation of pulmonary ossific nodules (Galloway ef al.). 297 

—— relationship of left atrial ‘“‘v”’ peak to aortic valve closure and mitral opening (Nixon). 637 

Mitral valvotomy, followed by muitiple calcific embolism, case report (Adams). 

Mortality, see Death 

Murmurs, continuous, in cyanotic congenital heart disease, diagnosis, clinical picture and prognosis (Campbell & 
Deuchar). 173 

—— in patent ductus arteriosus, inaudible after establishment of pulmonary hypertension, case report (Evans & 
Heath). 469 

Muscular atrophy, peroneal, paroxysmal auricular flutter in (Leak). 326 

Myocardial failure, see Failure, cardiac 

Myocardial infarction, see Cardiac infarction 

Myocardial ischemia, see Ischemic heart disease 

Myocardium, calcified lesion of i imprecise origin in a young woman, case report (Barber & Murphy). 219 

—— responses to chelation (Soffer et al.). 690 

a isolated focal involvement of right ventricle revealed at necropsy, without clinical symptoms (Hayes). 
47 


Myxoma, of left atrium, simulating mitral stenosis, case report (Anderson ef al.)s* 725 
é 
Neonatal, weight of ventricles at and after birth (Emery & Mithal). 313 3 
Nodules, ossific, see Pulmonary ossific nodules 

Noradrenaline, and angiotensin, effects on blood pressure and renal function (McQueen & Morrison). 1 
Norepinephrine, and cyanotic attacks in Fallot’s tetralogy (Johnson). 197 

NYLIN, Gustav, obituary (Smith). 721 


Obituary, Hobson, Frederick Greig (Campbell). 716 

—— Laubry, Charles (Bedford). 215 

—— Nylin, Gustav (Smith). 721 

Old age, heart disease in elderly Africans of Bantu tradition (Gelfand). 387 

Ossific nodules, see Pulmonary ossific nodules 

Ossification, premature, of the sternum in congenital heart disease (Andrén & Hall). 140 


Papilliferous tumour, see Tumour, papilliferous 

Paroxysmal atrial flutter, see Atrial flutter, paroxysmal 

Patent ductus arteriosus, familial incidence facilitating diagnosis in an infant, case report (Burman). 603 

—— pulmonary hypertension and disappearance of murmur, case report (Evans & Heath). 469 

Percutaneous puncture, of left ventricle, see Surgery 

Persistent truncus arteriosus, in two siblings whose mother had patent ductus arteriosus (Goodyear). 194 

Phonocardiography, gallop sounds, in hypertension and myocardial ischemia, modified by respiration and other 
manceuvres (Parry & Mounsey). 393 

Porton defibrillator, design and advantages (Shephard). 7 
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Post-natal, weight of ventricles at and after birth (Emery & Mithal). 313 

Pregnancy, see also Maternity 

—— Stokes-Adams attacks during, case report (Begg & Thompson). 729 

Premature beats, see Extrasystoles 

Pressor substances, see Angiotensin, Noradrenaline 

Pressure, see Blood pressure, Left atrial pressure, Left ventricular pressure, Pulmonary arterial pressure 

Presystolic gallop, see Gallop sounds 

Primary pulmonary hypertension, in childhood, four cases (Farrar et al.). 605 

Procaine amide, in myocardial infarction, clinical trial (Reynell). 421 

Protodiastolic gallop, see Gallop sounds 

Pulmonary arterial pressure, tracings modified by left atrial size and elasticity (Fairley). 512 

Pulmonary atresia, after anastomotic operation in Fallot’s tetralogy (Fabricius et al.). 556 

Pulmonary blood ‘flow, regional flow patterns in cases of circulatory shunt studied by radioactive carbon dioxide 
(Dollery et al.). 225 

Pulmonary hypertension, in atrial septal defect and Lutembacher’s syndrome (Besterman). 587 

—— in patent ductus arteriosus, and disappearance of murmur, case report (Evans & Heath). 469 

—— in pathogenesis of pulmonary ossific nodules (Galloway ef al.). 297 

—— primary, see Primary pulmonary hypertension 

—— radiological changes, with special reference to root shadows and lobular pattern (Harley). 75 

—— in tricuspid atresia (Macafee & Patterson). 308 

Pulmonary ossific nodules, in mitral valve disease (Galloway et al.). 297 

Pulmonary pleonemia, radiological changes contrasted with those in pulmonary venous hypertension (Harley). 75 

Pulmonary stenosis, incidence, pathology, clinical significance and indications for operation (Brock). 

Pulmonary valve, intracardiac electrogram, uses and fallacies in locating site of obstruction (Datey & Gandhi). 539 

Pulmonary veins, anomalous drainage, total, into portal sinus (Gibson & Macafee). 143 

Pulseless disease, five cases (Caldwell & Skipper). 53 

Puncture, see under Surgery 


Quadruple rhythm, see Gallop sounds 
Quinidine, after myocardial infarction, clinical trial (Begg). 415 


Radioactive carbon dioxide, in the study of regional pulmonary blood flow (Dollery et al.). 225 
Radiology, in pulmonary venous hypertension, with special reference to root shadows and lobular pattern (Harley). 
75 


Renal function, effects of angiotensin and noradrenaline compared (McQueen & Morrison). 1 

Rheumatic heart disease, with coronary embolism, case report (Hall & Richards). 103 

—— left heart dynamics with intracardiac acetylcholine infusion (Samet et al.). 616 

—— relationship of left atrial “‘v’’ peak to aortic valve closure and mitral opening (Nixon). 637 

—— sub-clinical rheumatic carditis (Lannigan). 35 

—— in the Sudan (Halim & Jacques). 383 

Right atrium, falsely high pressure curve (Johansson & Ohlsson). 281 

Right ventricle, intracardiac electrogram, uses and fallacies in locating obstruction at the outflow tract (Datey & 
Gandhi). 539 

—— and tricuspid valve, isolated hypoplasia in siblings (Medd ef al.). 25 

Right ventricular enlargement, ABC leads in diagnosis (Harris). 285 

—— in primary pulmonary hypertension (Farrar et al.). 

Right ventricular hypertrophy, see Right ventricular enlargement 


Sr. Cyres Lecture, 1960, The Surgical Treatment of Pulmonary Stenosis (Brock). 337 

Scleroderma, heart involvement (Oram & Stokes). 243 

Septal defect, see Atrial septal defect, Ventricular septal defect 

Shunt, left-to-right, investigated by two-catheter technique using tricarbocyanine (Dimond et al.). 621 

—— regional pulmonary blood flow studies with radioactive carbon dioxide (Dollery et al.). 225 

Sinus of Valsalva, aneurysm rupturing into right ventricle in a man aged 71 with multiple congenital anomalies (O’Brien 

Goldberg). 733 

—— congenital aneurysm, two cases, and embryology (Gibbs & Harris). 131 

—— rupture linked with lack of support from defective septum, two cases (Paul et al.). 203 

Spleen, agenesis, in a case of hepatic-venous anomaly with portal drainage of pulmonary veins (Gibson & Macafee). 
143 


Sternum, defective segmentation associated with congenital heart disease (Andrén & Hall). 140 

Stethoscope, diaphragmatic, details of a new model and principles governing construction (Burch & Stock). 447 
Stokes-Adams attacks, in pregnancy, case report (Begg & Thompson). 729 

Subacute bacterial endocarditis, see Bacterial endocarditis, subacute 

Sudan, see Africans 

Surgery, calcific embolism hazards in mitral valvotomy, case report (Adams). 333 

—— in congenital corrected transposition of the great vessels, complications attending intervention (Beck et al.). 497 
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Surgery, in Fallot’s tetralogy, pulmonary atresia after anastomotic operation (Fabricius et al.). 556 

—— incisional aneurysm of left ventricle following surgical treatment of valvular stenosis (Kerr et al.). 88 

—— in mitral stenosis, prognosis with medical and surgical treatment compared (Boyle). 377 

——— puncture of atrial septum for recording left atrial pressure (Nixon). 677 

—— puncture of left ventricle as means of access for hemodynamic studies, techniques and experience (Brockenbrough 
et al.). 

—— in pulmonary stenosis (Brock). 337 

—— resection of coarctation of aorta, post-operative blood pressure levels (Ingomar and Terslev). 370 

—— tricuspid atresia, prognosis with and without surgical treatment (Campbell). 699 


Takayashu’s disease, see Pulseless disease 

Third heart sound, with left atrial stasis wave, in mitral regurgitation (Nixon & Wooler). 161 

—— in mitral incompetence (Nixon). 677 

Transposition of great vessels, five cases (Beck eft al.). 497 

—— in tricuspid atresia (Macafee & Patterson). 308 

Triatrial heart, see Cor triatriatum 

Tricuspid atresia, congenital, with transposition of great vessels and large pulmonary blood fiow (Macafee & Patterson). 
308 


—— prognosis with and without surgical treatment (Campbell). 699 

Tricuspid valve, and right ventricle, isolated hypoplasia in siblings (Medd et al.). 25 
Triventricular heart, see Cor triventriculare 

Tropical eosinophilia, see Eosinophilia, tropical 

Truncus arteriosus, see Persistent truncus arteriosus 

Tumour, myxoma, see Myxoma 

—— papilliferous, of the heart valves (Heath ef al.). 20 


Urticaria, EC changes associated with (Rogen & Richardson). 632 


Valsalva, sinus of, see Sinus of Valsalva 

Valvular excrescences, see Tumour, papilliferous 

Vectorcardiography, analysis of rS pattern in V5 (Schweitzer). 659 

—— patterns in systolic and diastolic overload in left ventricular hypertrophy (Sedziwy & Shillingford). 533 
Ventricular fibrillation, in myocardial infarction, prophylactic use of procaine amide (Reynell). 421 

—— —— prophylactic use of quinidine (Begg). 415 

Ventricular septal defect, contributing to aneurysmal rupture of right sinus of Valsalva (Paul et al.)- 203 
Ventricular tachycardia, in myocardial infarction, prophylactic use of procaine amide (Reynell). 421 

—— —— prophylactic use of quinidine (Begg). 415 

Ventricular weight, see Weight 

Ventriculotomy, incisional aneurysm of left ventricle following surgical treatment of valvular stenosis (Kerr etal/.). 88 
Volume, see Blood volume 


Weight, of ventricles at and after birth (Emery & Mithal). 313 
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INSTANTANEOUS 
MEASUREMENT 


of Blood Oxygen Saturation 
AT GATHETER TIP 


Blood Re-infused into Patient 


PITT] cc- oximeter 
a This instrument represents 


a new application of reflec- 
tion oximetry, giving infor- 
mation on oxygen saturation 
at the catheter tip. Its 
advantages are the very short 
time lag of only I5 to 20 
seconds, and the minimum 
loss of blood, as it is im- 
mediately re-infused into the 
patient. This instantaneous 
information facilitates the 
choice of further measuring 


Dye dilution curves by the withdrawal method spots, and obviates the need 
can now be made with the CC-Oximeter used for re-catheterisation 

in conjunction with the Kipp motorised syringe : 
and ultra-sensitive Micrograph recorder. 
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The Haemoreflector enables 

ahd 2 HAEMOREFLECTOR the percentage oxygen sat- 
: uration in the blood to be 
measured, within three 
minutes, under clinical con- 
ditions, with an accuracy 
of 1%, by means of small 
blood samples obtained by 
puncture or catheterisation. 


Over 100 kipp Haemoreflectors 
and CC-Oximeters are in regular 
use in hospitals and universities 
throughout the U.K. 
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a really portable 
miniature electrocardiograph 








* measures only 9}” x 4}” x 63” .. . weighs only 9lb. complete with 
accessories and case 

* entirely self contained . . . patient lead, electrodes, electrode jelly 
and spare chart all carried in same case 

%* battery operated . . . running time 4 hours . . . recharged overnight 

%* operates on all international leads . . . automatic calibration 
‘divide by two’ switch 

%* three chart speeds: 5, 25 and 50 mm/sec . . . chart width 40 mm 


N.E.P. are leading designers, manufacturers 
and suppliers of equipment for diagnosis 
and surgery. The new miniature 
electrocardiograph embodies the extensive 
engineering experience that takes N.E.P. 
into hospitals, consulting rooms and 
surgeries throughout the world. 


please write for Specification Sheet No. M/608 
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for the Aldactone blocks the action 


of aldosterone on the distal 


control of 


tubule, so preventing sodium 


resistant palbctrshien at this site. 
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HYPOCHOLESTEROLAEMIC ACTION 


_ MODERN 
COD LIVER OIL 


“The reduction or control of fat consumption under medical supervision, with reasonable 











substitution of poly-unsaturated for saturated fats, is recommended as a possible means 

of preventing atherosclerosis and decreasing the risk of heart attacks and strokes. This 

recommendation is based on the best scientific information available at the present 
time.”? 

) ‘Though little difference was observed between the effects of cod-liver and corn oils 
when 50-60 g. daily were given [being substituted for an equivalent amount of ordinary 
dietary fat], in doses of 25-30 g. per day [added to an uncontrolled diet] the cod liver oil 
reduced the plasma cholesterol levels of the volunteers more than did an equal amount 
of corn oil.’? 

While there is still uncertainty about the exact relationship between diet and coronary 
heart disease, the recommendation of the American Heart Association quoted in the 
first paragraph is unequivocal. The consumption of only two tablespoons of cod liver oil 
a day has now been shown to produce a greater fall in plasma-cholesterol levels than the 
same amount of corn oil; and such a fall is a well-recognised consequence of the type of 
dietary change recommended by the Association. Appropriate advice to certain 
patients may therefore be thought desirable. 

Cod liver oil has the added advantage over all vegetable oils, that it supplies the fat- 
soluble vitamins, A and D — though not in quantities likely to have any but a beneficial 
effect. It supplies also a variety of other nutritionally useful substances, as well as being 
a concentrated energy source. 


1 CENTRAL COMMITTEE FOR MEDICAL AND COMMUNITY PROGRAMME OF THE AMERICAN HEART ASSOCIATION ( 1961). J. AMER. MED. ASS. 
* LANCET , 1961, 1, 739 


ISSUED BY THE MAKERS OF Seven Seas 


AVAILABLE IN BOTTLES OR CAPSULES 


THE WORLD’S LARGEST PRODUCERS OF COD LIVER OIL 
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_ ETOPHYLATE > 


Theophylline Ethanoate of Piperazine 





Relieves — Bronchospasm 
Raises — Cardiac Output 
Removes — Edema 
It is therefore indicated in: 


All forms of cardio-respiratory distress 
especially when associated with oedema. 


ETOPHYLATE 


is the only completely non-toxic form of theophylline 
and is effective: 


Orally 


without risk of gastric irritation 


Tablets Tablets “orte Syrup 
250 mg. in bottles of 500 mg. in bottles of 6 fluid ounces and 
20, 100, and 250 100 and 250 2,200 ml. ; 


Intramuscularly 
completely painless and without discomfort 
Ampoules 


containing 500 mg. in 2 ml. boxes of 


6 and 50 


Intravenously 


Ampoules 
containing 500 mg. in 5 ml. boxes of 
6 and 50 


Per Rectum 


Suppositories 
of 500 mg. in boxes of 
12 and 144 


pi Rona Laboratories Limited 


yf Rona House, 12/13 Molyneux Street, London, W.! 
Telephone: Ambassador 4437/8 
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PERITRATE S.A. 


(SUSTAINED ACTION) 


provides 12-hour protection from angina pectoris 


New Peritrate S.A. (Sustained Action) provides ROUND-THE-CLOCK PROTECTION: 

1 Peritrate S.A. (Sustained Action) tablet before 
breakfast and one before the evening meal. 
Peritrate is pentaerythritol tetranitrate. 


round-the-clock protection from angina pectoris 
attacks with just one tablet every 12 hours. 
When the tablet is taken 20 mg. Peritrate 
becomes available immediately; the remaining - 

60 mg. is released so that one tablet exerts its Te PoamnatesS. A. 
effect over a period of 12 hours. These tablets 


have a distinct marbled appearance in two AWHO xxv SigT- boi. 


shades of green. 


PERITRATE NOW IN 3 FORMS: 
Peritrate S.A. (Sustained Action) (80 mg.), plain WILLIAM R. WARNER & CO. LTD 
; ; " 


Peritrate (10 mg.) and Peritrate (10 mg.) with Pheno- 
barbitone (15 mg ) are available in bottles of 50 & 500. EASTLEIGH, HAMPSHIRE. TEL: EASTLEIGH 3131 


PER 493 
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heart 
operations 
now monitored 
from outside the theatre 





The new N.E.P. monitoring desk is ‘fully operational’ 

in a special way. For the first time, a complete monitoring 
system for cardiac surgery and diagnosis is available as 

a single unit. Jt can be installed in a central monitoring room, 
thus reducing theatre overcrowding, and can serve several 
theatres and recovery wards. 


Monitoring centralised — simplified 

In a major London hospital, the system is arranged to serve two 
theatres and a recovery ward. Duplication of much equipment 
is avoided; only one technician is required for monitoring. 
Multi-way cables make connections via overhead booms. 

A complete speech intercommunication system links the 

various rooms with the central monitor. Repeat oscilloscopes 
and display meters in various rooms of the cardiac centre 
show any waveform and measurements. 


A flexible unit 

Two twin-beam oscilloscopes (centre) reproduce any four 
wave forms. Permanent records are made on a twelve-channel 
photographic recorder (/ower right). Any of the eight amplifier 
channels (upper left and right) can be linked to any room 

in the cardiac centre. The desk can be supplied in other forms, 
incorporating other equipment according to 

the facilities required. 

Please write for Specification Sheet No. M/609 








New Electronic Products Limited 


A HONEYWELL AFFILIATE 





Makers of scientific, medical and industrial instruments 
Head Office and Works: 
360 Kennington Road, London SE11 RELiance 5161 
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(BENDROFLUAZIDE) 


OFFERS GREATER 
EFFICIENCY AND SAFETY 
AT LOWER COST 


Initial treatment—one dose a day 


Maintenance—one or two doses 
weekly 


Minimal disturbance of serum 
electrolyte levels 


Less risk of hypokalaemia* 
than with other oral diuretics 


BASIC N.H.S. PRICES : 
‘APRINOX 5 mg’— 

3/9d. for 25 (ex 500 pack) 
‘APRINOX 2.5 mg'— 
2/id. for 25 (ex 500 pack) 





*Hypokalaemia can usually be avoided by 
dietary means alone. Useful Directions-to- 
Patients pads are available on request. 











BOOTS PURE DRUG CO. LTD., 
STATION ST., NOTTINGHAM 
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announce a most versatile 


TRANSISTOR CARDIOGRAPH 


with a high quality performance 










Awd /7# 
BEI TIS 


Provides a Linear Writing Excursion of 5 cms. COMPARE THESE FEATURES 











For further details or a demonstration write or phone : 


DEVICES SALES LTD., 


It. 
12. 


Fully transistorised, input impedance 
1-5 meg ohms. 


Mains or |2v. battery operated. 
Battery is charged by cardiograph. 


High frequency response recorder, 
linear over 5 cms. excursion. 


Continuous recording — pen pauses 
automatically for one second only 
between lead positions. 


Paper speeds, 1, 2:5, 5, 10, 25, 
50 mm/sec. — instantly selectable. 


Half Sensitivity lever switch. 


150 ft. of paper storage—very simple 
paper loading. 


Can be used as a D.C. recorder - 
sensitivity 0.5 volts/cm. 


Elegant styling; robust moulded case. 
Competitive price. 


Dimensions 14” x 114” x 42”. 
Weight approx. 21 Ib. 


13-15, Broadwater Road, Welwyn Garden City, Herts. 


Telephone: Welwyn Garden 24146-7-8. 
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Mytlaline 
nativenle 


unsurpassed 


Tablets 0.1 mg. (1/6000 gr.) 
Ampoules 0.2 mg. (1/300 gr.) 
for intramuscular or intravenous injection. 


LABORATORY NATIVELLE Ltd. 


74-77 White Lion Street, LONDON, N.| 18-19 Temple Bar, DUBLIN 
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Part of the 
establishment 


The number of Cambridge Transrite owners 














and users grows steadily. Once installed, a 
Transrite soon becomes part of the Establish- 
ment, and very considerable numbers of these 
instruments are in constant use and giving the 
most satisfactory service. Two 
Himalayan Expeditions have in- 
cluded a Cambridge Transrite 
in their equipment, and some 
unique high-altitude records 
were taken under difficult 
conditions. Battery life has 
proved to be even better 
than expected, and this 
facility of self-containment 
has a very strong appeal, 
not only to those who 
operate in remote areas 
but also to hospital staffs. 
Battery replacement costs are low. Nevertheless 


an interchangeable mains unit is available for use when required. 


(gm TRANSRITE CARDIOGRAPH 


Write for List 341H. For future publications, ask for Mailing Form H/11/61. 


CAMBRIDGE INSTRUMENT COMPANY LTD. 
13 GROSVENOR PLACE, LONDON, S.W.! 
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greater comfort 
for the 
cardiac patient 


‘Lanoxin’, being relatively rapidly eliminated, 
‘ spares the patient the distress of cumulative toxicity. 
Maintenance can usually be carried on indefinitely with 

a regular, unchanging daily dose. 

‘Lanoxin’ has the further exceptional advantage that it 
excels in every form of digitalis therapy : parenteral 
digitalisation, rapid oral digitalisation, slow digitalisation, and 
maintenance. Absorption of this versatile glycoside is 

d. uniform, its latent period extremely short. 


' ‘LANOXIN’ DIGOXIN 


Tablets, Pediatric Elixir, Solution, Injection 


te BURROUGHS WELLCOME & Co. (The Wellcome Foundation Ltd.) LONDON 
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SANBORN $564 anpw 964 SERIES 


4-CHANNEL PHOTOGRAPHIC AND 
DIRECT-WRITING BIOPHYSICAL RECORDERS 


































@ This new combination of already proven 
recording equipment provides the flexibility 
of the 550 and 350 Series Amplifying 
Systems at a much reduced price whilst 
still retaining Sanborn standards of accur- 


acy and reliability. 


@ The Sanborn 5-inch 569 Series and the 
17-inch 769 Series Multi-Channel Oscillo- 
scopes are recommended for display 
purposes. The ‘earthy’ output from the 
amplifying channels enables most labor- 


atory oscilloscopes to be used. 


@ With appropriate transducers and selection 
of amplifiers registration of most phen- 
omena can be achieved - including pul- 


monary function studies. 





For routine investigations and the research laboratory 





Sole British Distributors: 
ELECTRONIC & X-RAY APPLICATIONS LTD. 
13-17 PENNANT MEWS, KENSINGTON, LONDON, W.8 Tel.: FREmantle 7744/5/6 Grams: Exal, Kens, London 


Enquiries outside the United Kingdom should be referred to the Picker International Corporation, 
White Plains, New York, U.S.A. 
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A new range of 


PHILIPS 


Cardiographs 





Cardiopan II. 

Double channel Direct-Writing Electro- 
cardiograph with rectilinear trace. Three 
recording speeds. D.C. input for pressure 
recordings. Additional accessories for pulse 
or sound recordings available. 











Cardiopan I. 

Single channel Direct Writing Electro- 
cardiograph with rectilinear trace. Extended 
frequency range. Three recording speeds. 
Free from interference. Auxiliary apparatus 
for pulse or sound recordings available. 


PHILIPS 


Cardiopan Electrocardiographs : 
are made in Switzerland. 





Foetal heart amplifier 


The cardiophon has been specially de- 
veloped to record foetal heart sounds and 
to exclude all the low frequencies which so 
often obscure such recordings. Provision is 
made to record these sounds on an electro- 
cardiograph and a built-in visual indicator 
and loudspeaker enables the record to be 
monitored at the bedside. 














Cardiopan 
III. 





Three channel 
Direct-Writing 
Electrocardio- 
graph with 
rectilinear trace. 
Extended 
frequency 
response. 
Continuously 
variable 
recording 
speeds between 
2 mm. and 100 mm. per second. Built-in 
amplifiers and filters for recording blood and 
pulse pressures, heart sounds and other 
physiological phenomena. 








PHILIPS ELECTRICAL LTD 
MEDICAL X-RAY DIVISION 

45 Nightingale Lane, Balham, London, S.W.12 
Telephone: Battersea 852! 


(PMX0319) 
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ELEMA KOORDINAT with image 


intensification and closed circuit TV 


An X-ray table 
designed for 
catheterisation 
and angiography 


M.O.H. Item No. 30D 


Applications include: 
Cardiac catheterisation 
Cine-fluoroscopy 
Angio-cardiography 
Arteriography 
Aortography 


Table top moves freely in both directions 
(47” longitudinally and 10” transversally) 
for easy positioning of patient. 
Undercouch X-ray tube is permanently 


centred to fluorescent screen or image 
intensifier. 5”, 7”, 9” or 12” models can be 
fitted, and provision is made for either a 
16 or 35 mm ciné camera, or closed 
circuit television. 


In order to keep the floor space clear, 
ancillary equipment, including screen or 
overcouch X-ray tube, can be mounted on 
the ceiling using the Sierex ceiling 
suspension. 


* Leg arteriography device available as 


an extra for use with Sch6nander 
film changers. 
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~ AND TREATMENT OF CARDIAG DISEASE 


With the Allard-Laurens 
intracardiac Micromanometer 
it is possible to record 
accurately the pressures and 











sounds within the heart 


because this manometer 


is small enough to enter the heart itself through 
the veins. 


* 

dispenses with the need for a catheter of the 
liquid column type with its attendant artefact 
and time delay 


* 
is insensitive to temperature changes and side- 
ways movement 


* 

can be used in conjunction with a conventional 
external manometer connected to the second 
lumen of the catheter — or this second lumen 
can be utilised for the sampling of blood from 
any site selected by the operator 


* 

has a low background noise level and the 
sensitivity to record the faintest sounds without 
parasitic hum 


* 

possesses the ability to transmit low-frequency 
signals down to D.C., and high-frequency 
signals up to 5000 cps. 


* 
can be accurately located by X-ray 



























Distributed in the U.K. by 

Sierex Limited 

15-18 Clipstone Street, London, W.|I 
Langham 2464 







SIEREX LTD 
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THE |. M. E. TRANSISTORIZED 


CARDIAC PACEMAKER 


as used at 


QUEEN ELIZABETH HOSPITAL, 
BIRMINGHAM 





LONDON 


Voltage adjustable ! ail Pulse width 
from 0-9v. ’ 6 Milli-seconds 


Hi 
HHH] 


Pulse rate Crystal microphone 
continuously insert giving 
variable from | ! audible indication 
50to 150 per minute. ff WN 1 AND of pulse rate 


Batteries can be replaced without stopping Pacemaker. 
Unit automatically switches on when output lead is plugged in. 
Size 6” x 3” x 3”. 





SUPPLIED BY 


THE G.U. MFG. CO. LTD., 
28a, 33 & 34, DEVONSHIRE STREET, LONDON, W.I. 


Telephone: Welbeck 2835 (3 lines) Telegrams: Cystoscope, Wesdo, London 


HAMMERSMITH HOSPITAL, 
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Which would YOU recommend for. 


lowering serum cholesterol? 
They are identical. The bottle on the right contains Mazola Corn Oil, labeiled with its fatty- 
acids percentages. The bottle on the left contains exactly the same oil, and bears the label 
under which it is sold in thousands of grocery stores throughout the country. (Where 
your coronary heart patients can buy it easily and inexpensively.) Mazola Pure Corn Oil: 
ae 3/4 for 16 fluid ounces. 
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A MODIFIED HALDANE BLOOD GAS 
ANALYSIS APPARATUS 


x * 


DEVELOPED AT THE POSTGRADUATE 
MEDICAL SCHOOL TO THE DESIGN OF 
A. H. LATHAM, ESQ. 


x * 
REFERENCE: J. PHYSIOL (1947) 105, 345-356 
x * 
REVISED MODEL WITH A DIRECT DRIVE 
MECHANISM 
x @ 
TESTED AND APPROVED BY THE 


DESIGNER, AND M.R.C. PANEL OF 
TECHNICIANS 


x * 


Further details and prices obtainable from the 
Manufacturers and Suppliers: 


AIMER PRODUCTS LTD. 


56/58 Rochester Place, 
Camden Town, 
London, N.W.1! 





Phone: Gulliver 3618 
iis 6466 























FOR SALE 


Phillips ‘‘Cardioluxe’’ Portable Direct-Writing 
Electrocardiograph for operation on 200/250 v. 
A.C. mains. Year of manufacture 1952. The 
apparatus can be inspected at the Stratford on 
Avon Hospital, Arden Street, Stratford-on-Avon 
by arrangement with the Hospital Secretary. 
Offers in writing should be made as early as 
possible to the Group Supplies Officer, 50 Holly 
Walk, Leamington Spa. 
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